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Abstract 
Together with a range of allied industries, the Architectural, Engineering and 
Construction (AEC) industry contributes significantly to global economic wealth. 
The construction industry alone accounts for a tenth of global GDP. However, 
challenges such as slow adoption of new work processes and the recurrence of 
islands of information pose significant challenges to industry stakeholders. 
In an attempt to address these challenges therefore, IT-based approaches in 
building design and construction have been exploited through the adoption of 
collaborative tools and processes especially through the uptake of Building 
Information Modelling (BIM)1. Yet, construction specifications2 have not evolved in 
step with other aspects of the design and construction process in the AEC. 
To address this problem, this thesis asks: “How can Building Information 
Modelling (BIM) be extended to Construction Specifications?” Thus, it explores the 
problem through the supporting research sub-question: “What parameters from 
construction specifications should be embedded in BIM Models and what are their 
implications on BIM objects?” 
To address the research problem, the research utilised four lines of enquiry and 
analysis, namely: 1) A pilot and a primary interview; 2) a secondary and an online 
survey; 3) simulated case studies based on simulations of BIM models.  
This research makes a four-fold contribution: i) an original contribution to BIM 
research leveraging a product library, ii) a categorisation of specification information 
according to information requirements of Building Information Models, iii) an 
argument for the central role of construction specifications to future developments in 
BIM, iv) an exploration and presentation of likely future scenarios in augmenting 
BIM objects with construction specifications based on an industry survey. 
Three categories of specification parameters emerged from the investigation of 
the research; Category A (or CAT-A: specification parameters – which were 
                                                 
 
1 Building Information Modelling (BIM) is the  
2 Construction specification is the systematic articulation of clients’ expectations and the documentation of 
contractually-binding stipulations 
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regarded as essential for embedding in BIM objects), Category B (or CAT-B: 
specification parameters, identified as most useful as links from the specification 
databases to external resources but which could also be links from augmented BIM 
objects) and Category C (or CAT-C: specification parameters to be retained in their 
original forms within traditional specifications). Thereafter, using a product library, 
the augmentation of BIM objects with parameters from CAT-A and CAT-B was 
demonstrated via three procedures; augmenting BIM objects with non-geometric 
specification parameters, augmenting BIM objects with library-derived geometry and 
augmenting BIM objects with geometric and non-geometric parameters. 
Thus, the research presented the feasibility of extending BIM to specifications 
and on that basis makes recommendations for future research. 
 iv Extending Building Information Models To Construction Specifications 
Table of Contents 
Keywords ................................................................................................................................................. i 
Abstract ................................................................................................................................................... ii 
Table of Contents ................................................................................................................................... iv 
List of Figures ....................................................................................................................................... vii 
List of Tables ......................................................................................................................................... ix 
List of Abbreviations .............................................................................................................................. x 
Statement of Original Authorship ......................................................................................................... xii 
Acknowledgements ............................................................................................................................. xiii 
CHAPTER 1: INTRODUCTION ....................................................................................................... 1 
1.1 Research Motivation .................................................................................................................... 1 
1.2 Problem Formulation ................................................................................................................... 3 
1.2.1 Stage 1: Participant Observation ...................................................................................... 5 
1.2.2 Stage 2: Specification Writing – Documentation and critique ....................................... 11 
1.2.3 Findings .......................................................................................................................... 14 
1.3 Research Question ..................................................................................................................... 15 
1.4 Research Aim ............................................................................................................................. 16 
1.5 Methodology .............................................................................................................................. 16 
1.6 Contribution to knowledge ........................................................................................................ 17 
1.7 Scope and definitions of key concepts ....................................................................................... 18 
1.8 Thesis Outline ............................................................................................................................ 18 
1.9 Thesis breakdown Structure ....................................................................................................... 20 
CHAPTER 2: BUILDING INFORMATION MODELLING AND CONSTRUCTION 
SPECIFICATIONS: A UNIFIED APPROACH .............................................................................. 21 
2.1 BIM: Definition, Background and Critique ............................................................................... 22 
2.1.1 Building Information Modelling Defined ....................................................................... 22 
2.1.2 From Computer Aided Design (CAD) to BIM ............................................................... 23 
2.1.3 Industry Foundation Classes (IFCs) and Interoperability ............................................... 25 
2.1.4 Dual Perception of BIM ................................................................................................. 28 
2.1.5 A critical evaluation of the merits and challenges of BIM adoption .............................. 30 
2.2 Related BIM concepts ................................................................................................................ 36 
2.2.1 Classification Systems (MasterFormat, UniFormat, OmniClass) ................................... 36 
2.2.2 Construction Operations Building Information Exchange (COBie) ............................... 37 
2.2.3 Level of Detail / Development / Definition for BIM objects .......................................... 38 
2.3 Construction Specifications: Definition, Background and Critique ........................................... 40 
2.3.1 Specifications: From Papyrus to PDFs ........................................................................... 41 
2.3.2 A critical evaluation of the merits and challenges of construction specifications .......... 43 
2.4 A timeline in the Development of Specifications ...................................................................... 45 
2.5 BIM and Specifications: An integrated framework ................................................................... 46 
2.5.1 Specifiers’ Properties Information Exchange (SPie) ...................................................... 52 
2.5.2 A review of some specification systems ......................................................................... 54 
2.6 Construction Specifications and Waste...................................................................................... 59 
2.7 Augmenting BIM models with Specifications from product libraries ....................................... 60 
 Extending Building Information Models To Construction Specifications v 
2.8 An Exploration of Product Library Initiatives ........................................................................... 61 
2.8.1 AutoSpec ......................................................................................................................... 62 
2.8.2 Reed Construction ........................................................................................................... 62 
2.8.3 Sweets Catalog ................................................................................................................ 62 
2.8.4 ProductSpec .................................................................................................................... 63 
2.8.5 The National BIM Library .............................................................................................. 63 
2.8.6 The Australian National Object Library (Product Library) ............................................. 63 
2.8.7 Other initiatives ............................................................................................................... 67 
2.9 Summary and Implications ........................................................................................................ 68 
CHAPTER 3: RESEARCH DESIGN AND METHODS ................................................................ 71 
3.1 Introduction ................................................................................................................................ 71 
3.2 Research Questions .................................................................................................................... 72 
3.3 The Multimethod Research Approach ....................................................................................... 72 
3.4 Interviews................................................................................................................................... 74 
3.4.1 Participant Description ................................................................................................... 75 
3.4.2 Data Collection ............................................................................................................... 76 
3.4.3 Data Analysis 1 ............................................................................................................... 81 
3.5 Surveys ...................................................................................................................................... 83 
3.5.1 Survey Description ......................................................................................................... 83 
3.5.2 Data Collection ............................................................................................................... 84 
3.5.3 Data Analysis 2 ............................................................................................................... 88 
3.6 Simulated Case Studies .............................................................................................................. 90 
3.6.1 Case Study Description ................................................................................................... 93 
3.6.2 Data Analysis 3 ............................................................................................................... 96 
3.7 Stakeholder Feedback ................................................................................................................ 99 
3.7.1 Participant Description ................................................................................................... 99 
3.8 Research Locations .................................................................................................................. 101 
3.9 Coding Schemes ...................................................................................................................... 101 
3.10 Research Rigor ......................................................................................................................... 102 
3.11 Limitations ............................................................................................................................... 102 
3.12 Summary .................................................................................................................................. 102 
CHAPTER 4: RESULTS ................................................................................................................. 105 
4.1 Results from Interviews ........................................................................................................... 105 
4.1.1 Pilot Interviews ............................................................................................................. 105 
4.1.2 Main Interviews ............................................................................................................ 108 
4.2 Results from Survey ................................................................................................................. 112 
4.3 Results of Simulated Case Study: Triangulation of outcomes ................................................. 126 
4.4 Results from stakeholders’ feedback ....................................................................................... 134 
4.4.1 Summary ....................................................................................................................... 137 
CHAPTER 5: RESEARCH FINDINGS ......................................................................................... 139 
5.1 How can Building Information Modelling (BIM) be extended to construction specifications?139 
5.2 What Parameters From Construction Specifications Should Be Embedded In BIM Models .. 143 
5.3 What are the implications of augmenting BIM objects with construction specifications? ...... 144 
5.4 Reflections and implications of findings .................................................................................. 145 
Legal Concerns ........................................................................................................................ 145 
Temporary Workflow Disruptions ........................................................................................... 146 
Data Integrity ........................................................................................................................... 146 
Future Scenarios....................................................................................................................... 147 
 vi Extending Building Information Models To Construction Specifications 
5.5 Summary .................................................................................................................................. 148 
CHAPTER 6: CONCLUSION ........................................................................................................ 151 
6.1 Research Limitations ............................................................................................................... 152 
6.2 Future Recommendations ........................................................................................................ 152 
APPENDICES ................................................................................................................................... 155 
Appendix A Glossary of Terms ............................................................................................... 155 
Appendix B The National Building Specification (NBS), NBS Create and National BIM 
Library .......................................................................................................................... 157 
Appendix C Strength of each research method ........................................................................ 159 
Appendix D Australian Standards used in Ekobode Specification .......................................... 161 
Appendix E Recruitment Email ............................................................................................... 163 
Appendix F Information Consent Form (Interview) ................................................................ 165 
Appendix G Information Consent Form (Survey) ................................................................... 167 
Appendix H Other Object Augmentation Examples ................................................................ 169 
Appendix I Specification-Augmented BIM Object Framework .............................................. 173 
Appendix J Focus Group Introductory Letter .......................................................................... 175 
Appendix K Screenshots of Focus Group Responses .............................................................. 177 
Appendix L Non-Australian Specification automation initiatives ........................................... 179 
Appendix M Publications Derived from Research .................................................................. 181 
BIBLIOGRAPHY ............................................................................................................................. 183 
 Extending Building Information Models To Construction Specifications vii 
List of Figures 
Figure 1.1. Drawings, specifications and bill of quantities. (Styles & Bichard, 2004, p. 8) ................... 2 
Figure 1.2. Workflow for the creation of traditional specifications. Note: Each Process was 
manually coded (1-14) in order to track any changes upon review with the Specifier. .......... 7 
Figure 1.3. Encoded and revised workflow for the creation of traditional specifications ....................... 8 
Figure 1.4. The NATSPEC Specification Writing Process (NATSPEC, 2013a) .................................. 10 
Figure 1.5. Elevation view of the Ekobode Project (Horizon Housing, 2013) ..................................... 11 
Figure 1.6. Thesis Breakdown Structure ............................................................................................... 20 
Figure 2.1. Research Theme / Strategy Hierarchy. ............................................................................... 22 
Figure 2.2. The transition from CAD to BIM (King, 2009) ................................................................. 25 
Figure 2.3. General structure of the IFC data model (Laakso & Kiviniemi, 2012, p. 145) .................. 27 
Figure 2.4. BIM as an Integrated Repository (Ibrahim, Krawczyk, & Schipporeit, 2004) ................... 29 
Figure 2.5. BIM as a Distributed Repository (Ibrahim et al., 2004) ..................................................... 29 
Figure 2.6. Bathroom floor plan (a) and 3D section view (b) respectively ........................................... 31 
Figure 2.7. Various datasets can be viewed within BIM tools .............................................................. 35 
Figure 2.8. Portion of a COBie spreadsheet exported from a BIM model ............................................ 38 
Figure 2.9. A BIM-specifications-LOD (BSL) framework (window object example) ......................... 38 
Figure 2.10. Conceptualising LODs from a building lifecycle perspective .......................................... 40 
Figure 2.11. Structure of specifications (National Building Specification, 2008, p. 23) ...................... 41 
Figure 2.12. (a) Hand sketched foundation and Autodesk Revit (3D) representation of a Pad 
foundation and bearing footing, (b) traditional specification. .............................................. 47 
Figure 2.13. Idealist representation of BIM with full specifications and cost planning 
capabilities (Dean, 2007) ...................................................................................................... 50 
Figure 2.14. Lean-BIM-Specifications information dynamics (source: author) ................................... 51 
Figure 2.15. Conceptual representation of approaches to model-specification interaction. .................. 60 
Figure 2.16. SPie spreadsheet embedded with Spescx for AWS-Series 452 window ............................. 65 
Figure 2.17. BIM-Specifications Integration Cycle (Utiome & Drogemuller, 2013) ............................... 66 
Figure 3.1. Research Methodology ....................................................................................................... 73 
Figure 3.2. Data collection and analysis ............................................................................................... 74 
Figure 3.3. A streamlined codes-to-theory model for qualitative inquiry (Saldana, 2009) ................... 82 
Figure 3.4. Participants’ Position in organisational Hierarchy ............................................................. 85 
Figure 3.5. Revit’s User Interface (Autodesk Knowledge Network, 2014). ......................................... 92 
Figure 3.6. North-West section of the case study model with roof exposed (source: author)............... 95 
Figure 3.7. Accessing the product Library from within Revit software (source: author) ..................... 96 
Figure 3.8.Product Library user interface (source: author) ................................................................... 97 
Figure 4.1. Window selection prior to augmentation with construction specifications ...................... 127 
Figure 4.2. Selected parameters for export to BIM tool ..................................................................... 128 
Figure 4.3. Imported specification parameters viewed with the object inspector ............................... 129 
 viii Extending Building Information Models To Construction Specifications 
Figure 4.4. Specification-Augmented BIM Object at LOD 400 and 500 ........................................... 129 
Figure 4.5. Geometric property previewed for export to BIM tool .................................................... 130 
Figure 4.6.Selection of imported library geometry within Revit ........................................................ 131 
Figure 4.7. Window E augmented with imported geometry ............................................................... 131 
Figure 4.8. Window E augmented with new specification properties from product library ............... 132 
Figure 4.9. Objects selected for augmentation.................................................................................... 133 
Figure 5.1.  Requirement clusters for integrating BIM and specifications. ........................................ 140 
 
 Extending Building Information Models To Construction Specifications ix 
List of Tables 
Table 1.1 Encoding the Specifier’s Workflow ......................................................................................... 9 
Table 2.1 BIM versus CAD time savings comparison  (Autodesk, 2008) .............................................. 31 
Table 2.2 BIM Lifecycle-Impact Matrix ................................................................................................ 33 
Table 2.3 LOD-Lifecycle Matrix (derived from NATSPEC, 2013). ...................................................... 39 
Table 2.4 Structural comparisons between NBS and NATSPEC specification systems. ....................... 52 
Table 2.5 Typical contents of the SPie spreadsheet .............................................................................. 53 
Table 3.1 Selection criteria for pilot interview ..................................................................................... 76 
Table 3.2 Organisational description of participants’ firms ................................................................. 76 
Table 3.3 Listing of Pilot Interview Questions ...................................................................................... 77 
Table 3.4 Main Interview Questions & generated responses ................................................................ 79 
Table 3.5 Generated research themes using Atlas.ti software for Pilot interviews ............................... 81 
Table 3.6 Theme Descriptions for main interviews ............................................................................... 81 
Table 3.7 Generated research themes using Atlas.ti software for Primary interviews ......................... 82 
Table 3.8 Functional roles of survey participants.................................................................................. 86 
Table 3.9. Model-augmentation matrix (source: author) ...................................................................... 98 
Table 3.10 Themes from stakeholders’ feedback session .................................................................... 100 
Table 3.11 Research Methods and applicable software ...................................................................... 102 
Table 4.1 Other BIM and specification tools and supporting software............................................... 113 
Table 4.2 Current specification development strategies ..................................................................... 114 
Table 4.3 Recommended specification parameters for augmenting BIM objects ............................... 116 
Table 4.4 Implications of connecting/linking/embedding specification system(s) and BIM ................ 117 
Table 4.5 Current (X) and intended (O) use of BIM in participants’ firms ......................................... 118 
Table 4.6 Addressing the shortcomings of traditional methods of specifying ..................................... 124 
Table 4.7 Generated BIM-Specifications categories ........................................................................... 125 
 
 
 
 
 x Chapter 1: Introduction 
List of Abbreviations 
3D Three Dimensional 
AEC Architecture, Engineering and Construction 
API Application programming Interface 
AS Australian Standards 
ASTM American Society for Testing and Materials 
BIM Building Information Modelling 
BS British Standards 
BSL BIM-Specification-LOD 
CAD Computer Aided Design 
CAT-A Category A Specification parameters (defined in Appendix A) 
CAT-B  Category B Specification parameters (defined in Appendix A) 
CAT-C Category C Specification parameters (defined in Appendix A) 
COBie Construction Operations Building Information Exchange 
CSC Construction Specification Canada 
CSI Construction Specifications Institute 
EOL End of life 
FER Formulation Expression Restructuring 
FM Facility management 
GDP Gross Domestic Product 
HTML Hypertext Markup Language 
ICT Information, Communication and Technology 
IFC Industry Foundation Classes 
ISO International Organization for Standardization 
NATSPEC National Specification System 
 Chapter 1: Introduction xi 
NZS New Zealand Standards 
LOD Level of Development 
SABO  Specification-Augmented BIM Object 
Specs Specifications 
SPie Specifiers Product Information Exchange 
STEP Standard for the Exchange of Product Model Data 
VDC Virtual Design and Construction 
XML Extensible Markup Language 
XHTML EXtensible Hypertext Markup Language 
 
 
 
 
 
 
QUT Verified Signature
 Chapter 1: Introduction xiii 
Acknowledgements 
First and foremost, my utmost gratitude goes to the Anchor of my Hope for the 
Grace, Strength, and determination to complete this project. I am also immensely 
grateful to my wife and sunshine, Dami (and through her, our kids) for being my best 
friend through thick and thin, believing in me when my enthusiasm was at its lowest 
ebb, being my greatest critic, loving me just as I am and for the nights spent keeping 
vigil while I worked away at my research. My thanks also go to members of our 
extended families for their unwavering support and love. 
I would also like to thank and acknowledge the Creative Industries Faculty of 
the Queensland University of Technology for providing all the support and funding 
that eased the research process. I am profoundly thankful to Prof. Laurie Buys for her 
exceptional counsel prior to the submission of my research. Many thanks also to the 
Staff of the Scott Sutherland School of Architecture and the Built Environment at the 
Robert Gordon University (especially Graham Castle, David Moore and Gerrard 
Buda) who provided a solid springboard for my journey into doctoral research. 
My sincere gratitude goes to my Supervisory team: Prof. Robin Drogemuller, 
Associate Prof. Michael Docherty and Dr. Kerry Raymond for not only sharing their 
wealth of experience and providing first class guidance throughout my candidature, 
but for using their unique humour to make my experience as stress-free as possible. I 
also wish to thank Richard Choy, Kevin Rooney and Neil Greenstreet of the National 
Specification System of Australia (NATSPEC) for their sponsorship and support of 
this project. I am grateful to the Academic and Professional Staff of the Creative 
Industries Faculty, Science and Engineering Faculty and Library Services; Scott 
Beazley, Madhav Nepal, Joerg Kiegeland, Keith Duddy, Jennifer Thomas, Helena 
Papageorgiou, Kate Aldridge, Maree Francis, to mention a few, for their 
contributions and providing me unmatched support and encouragement. Also, to 
research team members, colleagues, and network of friends who never shied away 
from extending genuine support and assistance, I say many thanks, especially to 
Thom Fussell for his continued support of my research. 

 Chapter 2: Introduction 1 
 
 
Chapter 1: Introduction 
This research investigates and analyses strategies necessary for improving an 
understanding of construction specifications with a view to augmenting Building 
Information Models with definitive construction specification parameters. This 
chapter commences with an outline of some of the challenges of specifying in the 
design and construction of buildings, in spite of concerted efforts by industry 
stakeholders to address a range inherent challenges, especially through the use of 
relevant Information, Communication and Technology (ICT) tools and processes. 
Therefore, the challenges in the current methods of specifying are established 
(Section 1.1 and 1.2). The research questions aimed at addressing the gap in 
knowledge are thus articulated (Section 1.3).  
Thereafter, the research aim which sets the scene for addressing the research 
questions are presented (Section 1.4) followed by a summarised overview of the 
methodology elaborated in a subsequent segment of this work (Section 1.5). A 
synopsis of the knowledge contribution of this research is given, including: an 
original methodological contribution to research on extending the use of Building 
Information Models and the implementation of key research approaches aimed at 
improving the understanding of a specification-centric approach to addressing the 
fragmentation problem in the construction industry (Section 1.6). This chapter 
culminates in an overview of the scope and definition of the key concepts which 
underscore the research (Section 1.7) with the exception of definitions referenced, 
but which lie outside the scope of this work and are alphabetically listed, in the 
Glossary of Terms, Appendix A. Finally, the contents of the other thesis chapters are 
summarised (section 1.8) and an illustrated thesis breakdown structure is presented 
(Section 1.9). 
1.1 Research Motivation 
The fragmented nature of the construction industry has been highlighted and 
constitutes the main focus of key industry reports (Arayici, Egbu, & Coates, 2012) 
preeminent among which are the Latham and Egan reports (Egan, 1998; Latham, 
1994). The issue of fragmentation is in part attributable to complexities in the trades 
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and systems required in major project phases - design, construction and facilities 
management. In turn, these construction project phases have a basis on the operation 
of three key documents (N. Potter, 2002): 
• construction drawings: which pictorially represent the components, and 
structure of buildings and their properties 
• bills of quantities: which indicate the quantity of labour and materials 
utilised in planning and which result in the eventual estimation of 
construction costs 
• specifications: the written representations of the quality of materials and 
associated workmanship 
These documents (see Figure 1.1) form part of the contractual agreement 
between many organisations; Architecture, Engineering, Construction Management, 
Quantity Survey, as well as Trades, each with vested, and sometimes dissimilar, 
interests in the contents of any one or a combination of the three documents. 
Although, the illustration shows an idealistic conception of the interaction of 
information in a construction system, it has been proven that this is often not the case 
in traditional construction organisations which rely on tools and processes too 
inadequate to cater to the needs of modern construction. 
 
 
Figure 1.1. Drawings, specifications and bill of quantities. (Styles & Bichard, 2004, p. 8)  
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This view is supported by the argument that although these documents have 
been heavily relied on for design and construction within traditional settings  (Kalin, 
Weygant, Rosen, & Regener, 2010), repeated inconsistencies in their use as well as 
the recurring instance of error-related costs resultant from duplication of efforts (and 
information) have invariably culminated in workplace conflicts and construction 
delays (Botts, Percivall, Reed, & Davidson, 2007; Egan, 1998; Gelder, 2001; 
Latham, 1994). As a result, several systems and processes pertinent to information 
usage and management have been developed with a view to addressing several of the 
well-known construction-workplace conflicts and inefficiencies. 
Generally, Computer Aided Design (CAD) and Building Information 
Modelling (BIM), are credited with improvements in the quality of construction 
drawings and quantity take-off; the process of measuring material quantity from 
drawings and specifications for use in tender/contract preparation (Kirkham, 2007). 
Yet, methods of specifying have not significantly improved as have other processes 
in building design and construction, even though information from construction 
specifications are pertinent to design decision-making (Jernigan, 2007; Kalin et al., 
2010). 
1.2 Problem Formulation 
The review of literature highlights the need for integration between BIM and 
construction specifications. However, prior research endeavours do not rigorously 
explore a means for bridging the research gap on the basis of a specific BIM-
specifications integrated method for addressing an explicitly formulated research 
problem. As a result, this research takes a two-pronged approach in exploring and 
formulating the research problem through participant observation and specification 
writing. These techniques were employed sequentially in two key stages; 
subsequently described under the headings – ‘Stage 1’ and ‘Stage 2’, in the order in 
which they are presented, with the latter building on the outcomes of the former. A 
combination of both techniques was selected in order to stir the research towards the 
formulation of research questions expressly addressed to the integration of BIM and 
construction specifications. 
In the context of research, participant observation is a methodological 
investigation of the attributes characteristic of the environment under study (Marshall 
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& Rossman, 1989). Specifically therefore, it enhances research by ensuring the 
researcher studies a participant and gets embedded in the activity under study in 
order to generate the context for subsequent interviews (DeWalt & DeWalt, 2010). 
The aim of observation in the context of this research therefore, is to 
investigate the underlying problems encountered by Specifiers in producing 
specification documents. To achieve this objective, the specification process was 
modelled using Edraw Max, diagramming software. The approach was chosen in 
order to capture the underlying processes that influence how a professional Specifier, 
unbiased by researcher noise (any interruption of the participant by the researcher in 
the period under investigation by the researcher), made a range of decisions that 
culminated in the production of a final specification document.  
The justification for employing participant observation as a relevant data-
gathering strategy for building specification has precedence grounded in research. 
Detailed research by Emmitt (2001, 2006) into their complexity show that the 
decision-making processes which underlie the specification of building products is 
an important aspect of construction often taken for granted. Although the 
investigation by Emmitt (2001) focused on the influence of environmental factors in 
the specification of new building products, its outcomes can be tailored and extended 
to other aspects of construction specifications. Its relevance in understanding the 
work of Specifiers has also been investigated in building research (Emmitt, 2001; 
Emmitt & Yeomans, 2008). Yet, there is dearth of research employing this tool in 
developing frameworks and gaining insight specific to construction specifications. 
Rather, significant attention has been given the contents of specification documents 
rather than the factors that influence their production through decision making 
(Hartman, 2001; Kalin et al., 2010). However, unlike previous research where the 
specification decision-making process had been studied as an end to itself, this 
research commenced investigation with the intent of extending the knowledge 
generated to the application of specification parameters to BIM objects. Thus the 
participant observation method was considered methodologically valid. 
The specification writing stage of the problem formulation, on the other hand, 
was motivated by the need to develop the requisite knowledge and skills required for 
undertaking in-depth investigation of construction specifications. The validity of this 
approach is extolled by Nyiri (1992) who opines: 
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One becomes an expert not simply by absorbing explicit knowledge of the 
type found in textbooks, but through experience, that is, through repeated 
trials, failing, succeeding, wasting time and effort … getting to feel the 
problem, learning to go by the book and when to break the rules. (Nyiri, 
1992, pp. 49-50) 
Thus, a case was selected to test the validity of the workflow developed from 
the observation process.  
1.2.1 Stage 1: Participant Observation 
Participant Description 
Due to the availability of resources required for the observation exercise, there 
was no need to undertake any special recruitment of the research participant, hereon 
referred to as ‘the Specifier’, a staff member in the organisation where the researcher 
commenced research work. The Specifier was a registered and established Architect 
whose functional roles had, overtime, extended to the preparation of Specification 
documents for projects undertaken across the organisation. The following list of 
attributes applies to the Specifier: 
• Background – Architecture 
• Formal Roles – Architect and Specifier 
• Research-specific role – Industry Subject Matter Expert and test subject 
for participant observation task 
Data Collection 
The principal goal of this exercise was to ascertain the applicability of the 
research outcomes of Emmitt (2001) in integrating construction specifications and 
BIM models. The results of the observation exercise are illustrated in Figure 1.2 and 
Figure 1.3 and are discussed further within this section. Also, identified gaps in 
literature resulting from the process are discussed in some detail (section 5.1.3). 
Working together with the Specifier, the researcher recorded the act of 
specification through visual observation of the Specifier at work. As the researcher 
was collocated within the same office space as the Specifier, data collection was 
straightforward. 
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The initial data collection occurred in a two-week span. In the first week, a 14 
item list of the observable activities of the Specifier at work was created in no 
particular order and stored in a note-pad. The second week involved the ordering of 
the items – termed specification factors – according to the sequence in which the 
eventual specification document is created in parts (sections) or in whole. Thereafter, 
Edraw Max – a process modelling software tool recommended by (Singh-Gill, 2012), 
was adopted for illustrating the logical sequence of the Specifier’s workflow through 
the “Flow Chart” library. 
To fully comprehend the Specifier’s motivations and influences, retrospective 
meetings with the Specifier were organised which further enhanced the 
understanding of the circumstances underpinning the production of a standard 
specification for a building project. To ensure that the concept of construction 
specification writing had been adequately understood, a preliminary study of a 
professionally written specification document for an already completed housing 
project (see Figure 1.5 for illustrated model) -  developed by the Specifier was 
initiated. The outcome was the production of an initial flow diagram, describing the 
specification writing process. 
Specification Workflow Diagramming 
As described previously, participant observation resulted in a workflow 
diagram of the specification writing process (Figure 1.2) with the aid Edraw Max 
(Singh-Gill, 2012).  
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Figure 1.2. Workflow for the creation of traditional specifications. Note: Each Process was manually 
coded (1-14) in order to track any changes upon review with the Specifier. 
The following symbols illustrate the interpretations of the processes captured in 
the workflow: 
      
Following the initial illustration, a consultative meeting with the Specifier was 
organised. This gave the Specifier an opportunity to reflect on his role and, more 
importantly, to critique the developed workflow diagram to identify misaligned 
processes captured in the workflow. The result of the critique was an encoded, 
revised representation (see Figure 1.3 for the codes and Table 1.1 for interpretation 
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of the code) streamlined from 14 to 12 processes (due to the removal of the fifth and 
sixth processes) alongside other changes, including:   
• Swapping of Processes 1 and 2 
• Slightly more detailed description of the specification writing process. 
• Addition of Process Actors (encoded as red text in the flow chart, e.g. 
D/A, AA) 
• Codes were developed for the process actors as shown in Table 1.1. 
 
Figure 1.3. Encoded and revised workflow for the creation of traditional specifications 
Findings 
With the exception of Process 14 (left un-coded based on its status as the final 
process-outcome), ‘Actors’ were assigned to all but two of the processes in the 
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workflow. The initial deduction of this outcome was that the unassigned processes 
could potentially undergo automation in some form. However, upon further 
discussion with the Specifier, it was established that, with the right technological 
tool, all the processes represented in the workflow are capable of automation. There 
were no consultations with the other ‘actors’ to substantiate the opinion of the 
specifier 
Furthermore, 5 active roles in the specification process were identified, 
namely: the Specifier, the Designer, the Architect, Administrative Assistants and the 
Principal (or Owner).  
Table 1.1 Encoding the Specifier’s Workflow 
Process Number Code Designation 
1 D/A Designer, Typically the Architect 
4 S/A Specifier, Typically the Architect 
7 S Specifier 
8 S Specifier 
9 AA Administration Assistant 
10 AA Administration Assistant 
11 S Specifier 
12 S Specifier 
13 P/A Principal of the firm with input from Architect 
Upon successful implementation of the codes, further review of the literature to 
investigate other representations of the specification writing process was undertaken. 
The body of literature shows evidence that the specification process diagram by the 
National Building Specification System of Australia (NATSPEC) (NATSPEC, 
2013a) (Figure 1.4) is the most illustrative and relevant to this research. 
The resulting comparisons between both workflows led to the identification of 
some gaps in the existing literature. Firstly, the process of specification is too 
complicated to be depicted linearly as such a description would not effectively 
capture the intricacies of the decision-making process with which Specifiers are 
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faced in the production of a specification document. For instance, Specifiers make 
references to documents (emails, phone calls, building codes, national standards – 
see Appendix D, etc.) from professionals within their employing organisation who 
may affect or be impacted by the outcomes of the final document. 
Furthermore, taking cognisance of the central role of a Specifier in the 
production of the document, the specification process is dependent on the inputs and 
decisions of other Actors within the organisation. 
 
Figure 1.4. The NATSPEC Specification Writing Process (NATSPEC, 2013a) 
Consequent upon the diagramming outcome of participant observation 
therefore, it is evident that key distinctions of this research from prior studies by 
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Emmitt (2001) and NATSPEC (2013a)  are the development of a non-linear mapping 
of the specification process and the assignment of process actors. 
1.2.2 Stage 2: Specification Writing – Documentation and critique 
Case Description 
The Ekobode project is an eight-unit apartment building in the Gold-Coast area 
of Queensland. The building was selected as a case-study for specification based on 
its simplicity. 
Usually, the building construction process is preceded by the production of the 
specification document. However, as the Ekobode project was already undergoing 
construction implementation at the time of the commencement of the research 
exercise, it was assumed, for purposes of researcher bias mitigation, that the 
production of the specification was prior to the construction works on site. To this 
end, a site visit was conducted for a visual survey of the end-result of construction 
specification.  
 
Figure 1.5. Elevation view of the Ekobode Project (Horizon Housing, 2013) 
After the site visit, a specification document was developed based on a 
NATSPEC specifications template (current at the time of research) in use by the 
Specifier at the sponsoring organisation. The benefit of the NATSPEC template is 
the provisioning of a ready-made document template for use in specifying. 
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Document Analysis 
In addition to the pre-populated worksections, the NATSPEC template used in 
developing a retrospective specification document for the Ekobode project contained 
generic sets of guidelines to assist Specifiers in their decision making. Going by the 
guidelines therefore and supported by the client’s brief and the Architects 2D 
drawings for the project, the researcher commenced the process of developing a 
specification document from scratch. 
In summary, the process consisted of deleting, where necessary, sections of the 
generic specification considered irrelevant to the project under observation. For 
instance, although the demolition of existing structures was provisioned in the 
generic specification document, the entire section was deleted as the building was 
developed on a Greenfield site.  On the other hand, bits of information contained in 
the clients brief or construction drawings which were inadequately provisioned 
within the generic specification document were included in the eventual detailing of 
the final specification. This, process of detailing generic specifications in line with 
project-specific requirements is known as the ‘additive-subtractive’3 technique.  
Findings 
A few challenges were encountered during the ‘additive-subtractive, 
development of the Ekobode specification document, including: 
• Heavy reliance on the Specifier’s tacit knowledge in supporting the 
decision-making processes during the development of construction 
specifications (as shown in the revised workflow) 
• The need for a thorough understanding of construction drawings to which 
references are made so as to specify in line with the design of the building 
• The constant need to reference other documents external to the 
specification document itself e.g. the National Construction Code Series 
(NCC) and the Australian Standards 
                                                 
 
3 “Master specification systems ... particularly while they are presented as a series of individual word 
processing files – are generally customised using a mixture of subtractive and additive techniques.” 
(Northern Territory Government, 2009)4 An attribute-value pair is an open-ended data structure which enables the 
extension of software platforms without requiring further code/data modifications. 
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• References to similar specification documents for a clearer understanding 
of the most practical specification clauses relevant to the project in 
question 
• Considerable time expended in editing worksections to conform with the 
unique requirements of every project; requiring the deletion (waste) of 
whole worksections 
These are considered the enablers for the argument in favour of linking 
specification parameters to Building Information Models. Although this list is 
inexhaustive, it summarises some of the preeminent, practical problems encountered 
using current methods of specification even with the relative ease with which 
specification documents are produced as opposed to the old system of thinking that 
was prevalent at the same time as the design and construction of the New 
Immigration Barracks (see the next section). To gain a deeper understanding of the 
unique challenges faced in traditional methods of specification therefore, document 
analysis was carried out on a classic specification document from the 1800s.  
Critique of legacy specification methods 
The Yungaba specification was made for the proposed [New Immigration 
Baracks] at Kangaroos Point Brisbane, Queensland in August of 1885 (Department 
of Public Works, 1885). A study of the specification document served as a practical 
guide for understanding the evolution of construction specifications over a hundred 
year span. 
The outcome of the exercise is summarised below: 
• Specifications have remained largely unchanged in terms of the overall 
content of the documents. 
• Unlike the bulk of current specifications, owing to a proliferation of 
specification techniques and methods necessitating the creation of bodies 
like the Construction Specification Institute (CSI), the Yungaba 
Specification was very compact. 
• The contents of the Specification were arranged chronologically, by trade 
(e.g. Masons and Bricklayers, Carpenters and Joiners), consistent with the 
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prevailing methodology of the era in which it was produced (Donaldson, 
1860). 
• Differences between current methods of specifications and older methods 
are traceable to changes in the nature of the platforms for information 
capture. For instance, manually written specifications have given way to 
typewritten formats with the advent of the typewriter which in turn 
(relatively recently) paved way for digital, processor-based formats with 
increasing use of computer-based applications. Similarly, computer-based 
methods of representing specifications have undergone few changes from 
the haphazard, processor-based methods of developing specifications to 
standardised, template-based methods. For the most part, there has been a 
rise in the adoption of specification templates which serve as guidelines to 
aid Specifiers with significant references (in the case of NATSPEC, for 
instance) to other building documents such as: the Building Code of 
Australia (now called the National Construction Code) and the Australian 
Standards. 
• Specifications are as much an integral part of construction contracts today 
as they were over a century ago. 
The exercise served as practical instruction in verifying the accuracy of the 
body of literature regarding the evolution and standardisation of specifications in 
view of the challenges and the various methods of specifying that emerged in the 
post-world war II era (see section 2.4)(MasterFormat, 2004) to address those 
challenges. 
1.2.3 Findings 
The outcomes of participant observation, as used in this research, are consistent 
with the arguments of DeWalt and DeWalt (2010) and Schensul (1999) who 
advocate the value of the method for: 
• generating interview questions (research questions, in the context of this 
research) 
• identifying important factors in the area under study 
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The outcomes of participant observation informed the workflow diagrams and 
the articulation of the research questions. In turn, the workflows aided the 
identification of gaps in the literature and in the development of proprietary 
specification for a building project. The results of the combined processes are as 
follows: 
• The specification process is complex and non-linear. As such, attempts at 
integrating construction specifications and BIM models must take the 
attribute of non-linearity into account, factoring items such as references 
to: manufacturers’ information, building codes and building standards 
• Construction specifications, in their finished forms, are the products of 
several ‘Actors’ whose contributions are reflected in the specification 
worksections and who are impacted by the final product 
• A key requirement for producing construction specifications is tacit 
knowledge. Thus, in linking specifications to BIM models, considerations 
must be given to inexperienced Specifiers who benefit from guide notes 
embedded within the worksections of traditional specification templates 
Collectively, these highlight a need for improving current forms of 
specification taking cognisance of and providing for the complexities associated with 
the evolution of the specification, including the actors and the processes with which 
they are associated. 
In formulating the research problem through observation however, the 
Specifier’s behaviour may have been affected by the knowledge that he was under 
observation; however this was unavoidable as proper data collection would have 
been hampered otherwise. To minimise the impact, however, the consent of the 
organisation and the Specifier under observation was obtained to observe without 
notifying the Specifier. This ensured there was little to no interaction with the 
Specifier throughout the period while allowing pure process data to be collected. 
1.3 Research Question 
As a result of early review of literature and the problem formulation phase of 
the research, the question of critical concern in this research requiring remedial 
action was articulated as: 
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‘How can Building Information Modelling (BIM) be extended to Construction 
Specifications?’ 
This question is explored via a sub-question, “What parameters from 
construction specifications should be embedded in BIM Models and what are their 
implications on BIM objects?” 
1.4 Research Aim 
This research aims to establish a method for augmenting Building Information 
Models with construction specifications by investigating, analysing and categorising 
construction specification parameters according to those which: a) are already 
contained in BIM, b) should be automated and embedded in BIM models, and c) 
which should be entirely exempt from embedding in BIM software. 
To achieve this aim, this thesis has three objectives and proposes to: 
• categorise construction specification parameters according to BIM 
inclusive and exclusive criteria 
• present an objective method for augmenting the objects within a BIM 
authoring tool with BIM-relevant specification parameters extracted from 
a product library 
• highlight the impact of integrating BIM and specifications based on the 
outcomes of data analysis 
1.5 Methodology 
With a view to addressing the overarching research question, the data was 
derived from various sources, utilising a range of data collection and analysis 
techniques. For a clearer understanding of the research therefore, two broad groups 
of methodologies were chosen for this research; the first consisting of an embedded 
research and two field studies and the other comprising two simulated case studies 
and three iterations of a focus group meeting. Firstly, at the early stages of research, 
qualitative (unstructured) participant observation was chosen as a strategy for 
capturing and modelling the specification writing process. This facilitated early 
analysis of the specification writing process based on the differences between 
observed and existing specification writing models. Thereafter, a pilot interview of 
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relevant professionals in the research organisation was conducted. Feedback from the 
early interviews was articulated into a second set of interviews of Subject Matter 
Expert (SME) external to the research organisation. In turn, the feedback from the 
second series of interviews was used as a benchmark for reviewing related secondary 
surveys in the literature. The result of the survey review was the generation of 
complementary question groups which, in addition to the researcher generated 
questions, constituted the eventual survey questions. 
The outcome of the first set of methodologies served as inputs for the second 
group. In this instance, data from a structured online survey and two simulated case 
studies of BIM models were used for the creation of a conceptual, Specification-
Augmented BIM Object (SABO) method. The basis for the method was the sequence 
of methods combined to generate codes, concepts and categories that addressed the 
research problem. As a result, using three iterations of a focus group meeting 
facilitated by subject matter experts (SMEs), answers to the research questions are 
sought. 
The combination of these methods aided data collation and analysis 
culminating in the presented results, a discourse of the presented outcomes as well as 
recommendations and projections of the future. 
1.6 Contribution to knowledge 
A synthesis of the methodologies employed within this work resulted in four 
key research outcomes: 
• an original contribution to BIM research leveraging a product library – this 
research integrates user-perspectives in formulating the methods for 
augmenting BIM objects with specification parameters 
• a categorisation of specification information according to information 
requirements of Building Information Models – three categories are 
developed in relation to the contents of current specifications to be 
considered for BIM integration 
• an argument for the central role of construction specifications to future 
developments in BIM 
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• an exploration and presentation of likely future scenarios in augmenting 
BIM objects with construction specifications based on an industry survey  
1.7 Scope and definitions of key concepts 
This research is anchored on the main concepts of Building Information 
Modelling and Specifications. There are varied definitions of these concepts (Coates 
et al., 2010; Toms, 1996), especially as each concept has undergone extensive, 
independent investigations in varied contexts, each one with its own merit to the 
extent of the scope of the research as well as the authors' elected approach. 
Consequently, the methodology, reviews and findings presented within the body of 
this work will be based on definitions of the key research concepts as presented in 
studies most closely aligned with the content of this research. Following are some 
generalised definitions of the key research concepts which, subsequently, are defined 
and critically reviewed more explicitly in chapter 2. 
A Building Information Model is a tool (Coates et al., 2010; Stadel, Eboli, 
Ryberg, Mitchell, & Spatari, 2011) of building design and construction that enables 
the achievement of integrated solutions (Sebastian, 2011) through the process of 
transforming analog information to their digital equivalents (Birx, 2007). 
Upon the analysis of popularly referenced authorities (International 
Organisation of Standardisation and British Standards), Toms (1996) highlights  poor 
documentation as a challenge in the construction industry and proceeds to define 
Specifications as documents composed of sets of prescriptions and descriptions 
which are the outcomes of a range of construction processes. In view of automating 
specifications, however, this research does not consider specifications as merely 
[documents]. Thus, within the context of this research, a construction specification 
(for BIM) is regarded as: a requirements-augmented representation of a building 
product which is capable of interacting with other components of a model and of 
referencing the sources of information - digital or otherwise - from which it was 
formed. 
1.8 Thesis Outline 
Chapter 1: in summary, has outlined the challenges with specifying for 
building design and construction and established the problems with current methods 
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of specifying through a problem formulation exercise. From the formulated problem, 
the primary research question evolved with a supporting question through which it is 
explored (section 1.3). A presentation of the research aim (section 1.4) set the scene 
for addressing the research question followed by a summarised overview of the 
methodology (section 1.5). Subsequently, a synopsis of the knowledge contribution 
of the research was given (section 1.6), culminating in an overview of the scope and 
definition of key research concepts (section 1.7). 
Chapter 2: reviews the body of relevant literature that underpin the research 
question articulated in section 1.3. Specifically, the chapter investigates the main 
research themes, Building Information Modelling (BIM) and Construction 
Specifications, by respectively reviewing their definitions and offers a critique of the 
concept under review. Subsequently, overarching discussions of each process, 
supported by an overview of key underlying concepts which highlight their relevance 
to the research work, culminate in a summary of the contextual implications of the 
reviewed literature. The chapter also synthesises a range of strategies aimed at 
improving the integrity of Building Information Models, and presents an overview of 
commercial approaches as well as initiatives from industry and academe. A timeline 
in the development of construction specifications is explored, while an integrated 
BIM-specifications framework and various product library initiatives are explored. 
Chapter 3: presents the research design and methodology employed in the 
investigations undertaken as part of this research, including the implications of the 
chosen multi-method approach. Finally, the instruments for data collection and 
analysis as well as the significance of their use are presented and the data in each 
case analysed. The chapter concludes with an analysis of stakeholders’ feedback, and 
brief overviews of the research rigor and limitations. 
Chapter 4: builds on the outcomes of the preceding chapter to advance 
discussions on the results of the implemented research methods. The outcomes are 
presented for each method and triangulated afterwards to highlight areas of 
convergence and dissimilarities. 
Chapter 5: focuses on the primary and supporting research questions in 
presenting the research findings. The chapter draws on the outcomes of the preceding 
chapter to justify how each question was addressed within the body of the work. 
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Thereafter, the implications of the findings on research and practice are briefly 
discussed. An informed exploration of likely future scenarios with respect to BIM 
and specifications is then undertaken. 
Chapter 6: articulates the main contributions of the research to the current 
paradigm of construction specifications. The chapter highlights the knowledge 
created by the research on the basis of the chosen research methods as evidenced in 
the four main research outcomes. Thereafter, the constraints to the research and 
recommendations for further work are presented. 
1.9 THESIS BREAKDOWN STRUCTURE 
An illustration of the structural composition of this thesis is shown in Figure 
1.6. 
 
Figure 1.6. Thesis Breakdown Structure 
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Chapter 2: Building Information Modelling 
and Construction Specifications: 
A unified approach 
We can imagine a not-too-distant future in which an Architect can design a 
building in three dimensions, assign properties to the various building 
elements as the design is developed, and then "push a button" to have the 
software generate a detailed quantity take-off of materials, produce a 
complete [accurate] cost estimate [plan], and print a finished set of 
specifications. (Dean & McClendon, 2007) 
A summary of the overarching research concepts in this study - Building 
Information Modelling and Specifications - were outlined in the previous chapter. 
The outcome of appraising a range of underpinning literature, this section elaborates 
on the core research themes, by investigating the approaches that form the theoretical 
framework of this research based on the outlined research questions. 
Therefore, each theme is profiled from a historical perspective to highlight the 
fundamental ideas that inform current research approaches. Thereafter, the 
underlying concepts of the main research themes are investigated with a view to 
strengthen their relevance and interrelatedness to the research problem (section 2.1.2 
and 2.4). As a result, the subsequent chapter on Research Design and Methodology 
(Chapter 4) is informed by the body of literature thus reviewed, with flow-on 
implications for the outcomes as reported in the research findings (Chapter 7).  
Specifically, this chapter critiques a pool of literature and systematically articulates 
the basis for expressing this research as a function of the constituent building blocks 
of themes and subthemes as shown in Figure 2.1. In turn, this body of related work 
are drawn upon as evidence for the identified gaps discussed extensively in 
subsequent chapters of this thesis. 
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Figure 2.1. Research Theme / Strategy Hierarchy. 
The chosen approach for the review is informed by the need to establish 
connections between all aspects of the study as the mechanism for the chosen 
research approach, design and result analysis. Consequently, the review outcomes 
serve the purpose of defining the research scope as well as constituting benchmarks 
for data analysis. However, owing to ample, albeit non-integrated research on each 
constituent of the main research themes presented in this work, especially in Building 
Information Modelling, significant effort is directed towards establishing links 
between Building Information Models and construction specifications with a view to 
providing rigour to support the chosen approach for extending the native capabilities 
of BIM models to construction specifications. 
2.1 BIM: Definition, Background and Critique  
2.1.1 Building Information Modelling Defined 
A Building Information Model (BIM) is a centralised database which stores the 
component and assembly information of projects (Weygant, 2011). Although this 
view of building information models has some merit in the sense that it clearly 
highlights the roles of digital building models as repositories of project information, 
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it does not fully encapsulate many BIM functionalities. On the other hand, D. Smith 
(2008) reasons that a BIM model is, “a digital representation of physical and 
functional characteristics of a facility”. This understanding of BIM is corroborated 
by, the Associated General Contractors (2005) who define  BIM models by 
references to their attributes (intelligence, robustness and parametry) and functions 
as: digital representations of facilities, repositories of building information and 
importantly as tools for informed decision-making. It is this second definition of 
BIM models that is preferred for use and adopted as a benchmark throughout this 
research project. Therefore, Building Information Models abstract from the physical 
and functional attributes of built facilities (NBS, 2013b) to support managerial 
decision making prior to, during and after onsite construction. Therefore, the 
methodology that governs the process of leveraging BIM tools in creating digital 
models in a manner that integrates best practices in digital modelling (Staub‐French 
et al., 2011), is regarded in this research as Building Information Modelling. 
2.1.2 From Computer Aided Design (CAD) to BIM 
Developments in Building Information Modelling and the accompanying BIM-
related concepts (see section 2.2) are not entirely dissimilar to trends in the 
development of CAD-based tools and the drive to overcome the shortcomings in 
their application as mere tools for representing buildings and built components as 
lines and arcs. Until relatively recently in the history of the built environment, 
construction drawings were produced by hand-drafting, from Sydney’s Queen 
Victoria building in Australia to the Saint Peter’s Basilica in Rome. Proponents for 
hand-drawing claim that the process furnishes the architect with a level of flexibility, 
and the personal touch, that would not be possible otherwise (McCann, 2010). This 
argument is corroborated by Hill (2013) who extolled the merit of hand drawing over 
computer aided design as the ease in defining design attributes such as materiality, 
form, space and scale without unnecessary attention paid to precision. Furthermore, 
Sergison (2014) argues from the standpoint that as a process, drawing by hand more 
closely simulates the non-repetitiveness of the construction process than computer 
assisted methods. 
To the extent that these arguments are viewed in the light of transitions from 
representative design based on crude techniques to hand drafting, they are valid. 
However, due to proven efficiency-gains in speed, flexibility and precision, the 
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advent and use of Computer Aided Design (CAD) systems in the 1970s eclipsed 
traditional drafting techniques (Reddy, 2012).  Yet, even CAD systems were fraught 
with data-exchange problems due to software incompatibility arising from the 
absence of standard file exchange formats for information exchange and transfer 
(Finch, Flanagan & Marsh, 1996).  
Although BIM technologies are fairly recent (Knight, Roth, & Rosen, 2010), 
the building blocks for present-day building information modelling were laid back in 
the CAD era (Eastman, 1975) (see Figure 2.2). Consequent upon this historical link, 
there have been arguments in the Architectural, Engineering and Construction (AEC) 
industry over the differences between CAD and BIM, with several attempts by 
stakeholders to articulate some clear distinctions between both concepts (Dean & 
McClendon, 2007). 
Fisher (2011), for instance, distinguishes BIM from CAD applications using 
their impact on collaboration as a criteria for the distinction. He argues that while 
traditional CAD applications have been in use much longer than BIM authoring 
software, they merely replicate hand-drafting methodologies, are error-prone and 
contribute to high construction costs due to poor documentation. This view is 
corroborated by Bedrick and Builders (2005) who propose a distinction from an 
etymological standpoint, arguing that while CAD documents can be considered as 
raw design data subject to the interpretation of users, the core concept of BIM is 
parametric information embedded in intelligent objects. Similarly, based on its 
abstraction of the physical and functional attributes of facilities, BIM authoring tools 
have been shown to integrate a wider range of construction information than CAD 
applications, such that changes to any one view in a BIM model, for example, are 
replicated throughout the entire model (Azhar, Nadeem, Mok, & Leung, 2008). 
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Figure 2.2. The transition from CAD to BIM (King, 2009) 
Ultimately, a key distinction between traditional computer aided design and 
building information modelling is evident in the deployment of the former as a non-
interoperable tool, whereas the latter has come to be accepted throughout the AEC as 
a methodology comprising tools and processes targeted at optimising building 
design, construction and management. 
2.1.3 Industry Foundation Classes (IFCs) and Interoperability 
The resulting challenges with explicit exchange of construction information, 
based on the traditional CAD systems, informed the development Industry 
Foundation Classes (IFC); a product model developed by industry to meet the dual 
objectives of building design and lifecycle management (Eastman, 2006). This 
standard drives and provides a common framework which has been instrumental to 
increased research into Building Information Modelling. 
The origin of IFCs can be traced to the Standard for the Exchange of Product 
Model Data (STEP) specification which was based on the EXPRESS modelling 
language (Laakso & Kiviniemi, 2012). STEP was conceived as a standard for 
seamless exchange of digital information (Pratt, 2001) and EXPRESS, developed 
and enhanced by Douglas Schenck and Peter Wilson (Eastman, 2006), was the 
information modelling language considered best suited for defining complex STEP 
data models.  
On this basis, and following its successful use and extensive application, the 
IFC has been adopted, first as a Construction Industry standard (Drogemuller, 2009), 
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then as the ISO 16739:2013 standard (International Organization for Standardization, 
2013). It is an object-based building data model (Khemlani, 2007) developed in 1994 
by the International Alliance for Interoperability (now buildingSMART) as a 
platform to support data exchange for Building Information Models (CRC for 
Construction Innovation, 2009b). Since then, several IFC releases (updates) have 
been made, the most recent being the IFC4 featuring improved parametric and 
geometric features, enhanced BIM workflows (buildingSMART, 2013a) and a 
general improvement on the previous IFC2X3 version which focused more on 
quality improvements than did the preceding IFC2X2 version (buildingSMART, 
2013b). New IFC releases function to improve data exchange efficiency by 
addressing the limitations of preceding versions. A key feature of implementing 
BIM, based on the IFC framework, is the 3D geometric descriptions of objects while 
retaining their location and other parameters (Graphisoft, 2001). This capability was 
absent from traditional CAD systems and has informed research on how building 
design and construction can be optimised, free of the limitations of traditional CAD-
based technologies. 
IFCs comprise virtual representations of physical components (e.g. roofs, 
windows, etc.) and the intangible components (e.g. material properties) of buildings 
and other aspects of the built environment (Arayici & Tah, 2008; buildingSMART, 
2013a; Khemlani, 2007). Within a Building Information Model, data structures are 
specified and supported by the IFC schema, based on representations of objects 
based on a set of parameters (Zhiliang, Zhenhua, Wu, & Zhe, 2011). Only recently, 
however, have components such as schedules been embedded within BIM models for 
seamless exchange between BIM users (buildingSMART, 2013a). The general 
structure of IFC data, shown in Figure 2.3, comprises four layers: domain, 
interoperability, core and resource layers arranged in a top-down hierarchy such that 
a layer can only reference data in lower layers, if any, and no more (Laakso & 
Kiviniemi, 2012). For instance, being the lowest in the hierarchy, the Resource layer 
cannot reference data on any other layer while the domain layer, on the other 
extreme, can reference data on every layer within the hierarchy. 
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Figure 2.3. General structure of the IFC data model (Laakso & Kiviniemi, 2012, p. 145) 
As an open standard, the Industry Foundation Classes (IFC) is the underlying 
protocol that ensures the seamless exchange of information in BIM models (Arayici 
& Tah, 2008), known as interoperability. Not only is interoperability the unrestricted 
exchange of information between computer systems (Drogemuller, 2009; Froese, 
2003), importantly, it refers to the capacity of the exchanging systems to use the 
exchanged information (IEEE, 1991). Only a decade ago, annual interoperability-
related costs in the United States alone was about 10.5 billion dollars (Aguilar & 
Ashcraft, 2013). Consequently, stakeholders in the AEC have taken active measures 
to promote interoperability by: demanding for compatible data formats (Palos, 
Kiviniemi, & Kuusisto, 2013), encouraging the use of open standards, such as the 
Construction, Operations, Building Information Exchange (COBie) (Aguilar & 
Ashcraft, 2013) (see section 2.2.2). Such stakeholder-driven demands have in part 
addressed concerns about the fragmented nature of the construction industry. In this 
respect, fragmented Information is characterised by the disjointed distribution of 
different configurations of a specific dataset across multiple user-platforms for 
interpretation and processing by disparate applications (Bergman, Beyth-Marom, & 
Nachmias, 2006). It is expected therefore, that the compartmentalised nature of 
fragmented information will naturally result in challenges with information 
coordination, transformation and interpretation. 
As such, data interoperability is central to addressing concerns about process-
based and technology-driven fragmentation in the AEC. Therefore, Interoperability is 
a central pillar of Building Information Modelling (BIM) (Grilo, Zutshi, & Jardim-
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Goncalves, 2011) and drives the platform-neutral exchange of information 
throughout building lifecycle phases (Arayici & Tah, 2008). Such data-neutrality of 
BIM objects is based on the ability of structured information from construction-based 
computer applications to be mapped to IFC data files (Arayici & Tah, 2008). Singh, 
Gu, London, Brankovic, and Taylor (2007) highlight the strength of IFCs as aids to 
data interoperability and furnish the guidelines on which the exchange is based. Yet, 
the IFC schema - defined in the EXPRESS data specification language (International 
Organization for Standardization, 2013), is not an exclusive prerequisite for 
interoperability (Singh et al., 2007). The Cooperative Research Centre for 
Construction Innovation (2009b) supports this view in their summation of IFC data 
constraints to include: limited expression range and multiple descriptions of 
information (Pauwels, De Meyer, & Van Campenhout, 2011). 
At the core of the limitations of the IFC schema is the widely accepted notion 
that the construction process is far too convoluted to be effectively structured in a 
single super schema (Redmond, Hore, Alshawi, & West, 2012). Yet, it is argued that 
the aim to make the IFC schema into a single reference point for all construction data 
is unrealistic (Kim, Kwon, You, & Lim, 2010). A realistic solution therefore is an 
IFC schema that is robust enough to cater to the needs of the AEC, yet simple 
enough to sufficiently lend itself to simplified data implementation. This idealised 
middle ground in the development of the IFC schema for BIM has played an 
important role in the development of the Information Delivery Manual (IDM) (Kim 
et al., 2010) which is defined in the Glossary. On the whole, while there is 
confidence that BIM will overcome existing problems with interoperability (Wang, 
Wang, Wang, Yung, & Jun, 2013), the potential legal issues, especially with respect 
to ownership are yet unresolved in the construction industry (Aguilar & Ashcraft, 
2013). 
2.1.4 Dual Perception of BIM 
In terms of the robustness of BIM models as IFC-driven repositories of 
construction information, two broad classifications – BIM models as Central 
Repositories and as Distributed Repositories – have been suggested in research  
(Dean & McClendon, 2007), as shown in Figure 2.4 and Figure 2.5. 
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Figure 2.4. BIM as an Integrated Repository (Ibrahim, Krawczyk, & Schipporeit, 2004)  
The Central Repository concept of BIM predicts a future in the construction 
industry where a 3D model of a building will be capable of receiving and processing 
a wide range of graphic and non-graphic data to produce detailed outputs such as 
accurate cost plans and specifications in a timely manner. 
However, it is arguable that the drawback of this approach to modelling 
building information is the need for rigorous, and sometimes time-consuming, 
information processing within the model in order to output highly detailed 
information, some of which may or may not be useful to the project at hand (Ibrahim 
et al., 2004). 
 
Figure 2.5. BIM as a Distributed Repository (Ibrahim et al., 2004) 
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The Distributed Repository concept on the other hand takes the standpoint of a 
Building Information Model as a system comprised of subsystems of databases, each 
dedicated to a computational task or instance and possessing the capability to 
seamlessly access the content of other database-subsystems which share the same 
larger system, thus ensuring model-efficiency (Dean & McClendon, 2007). The 
drawback of this approach, however, is the implicit requirement of the 
interoperability of all subsystems (Ibrahim et al., 2004). Evidently, there is still some 
way to go in developing the IFC schema to support scenarios in the AEC where all 
BIM-related applications can communicate seamlessly irrespective of their vendors. 
2.1.5 A critical evaluation of the merits and challenges of BIM adoption 
The impact of Building Information Modelling (BIM) has attracted significant 
interests from major global stakeholders in the construction industry (Azhar, 2011; 
Succar, 2009). There is evidence that increased adoption of BIM tools and 
techniques have directly impacted some historically repetitive problems in the built 
environment such as time and schedule overruns and, from a technological 
perspective, ineffective work practices in the AEC (NPWC & NBCC, 1990; J. Smith, 
Love, & Wyatt, 2001). Leveraging visualisation, for example, non-technically 
inclined clients are better able to comprehend technical drawings (see Figure 2.6), a 
task which proved daunting in the past, by viewing designs facilitated by the three-
dimensional (3D) view functionality of BIM tools (Lee, Sacks, & Eastman, 2006). 
Thus, designers can probe BIM models and visually assess the model to benchmark 
specified material quality against onsite delivery (Arayici & Tah, 2008; McGraw 
Hill, 2008). 
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Figure 2.6. Bathroom floor plan (a) and 3D section view (b) respectively 
Furthermore, ongoing efforts in the construction industry are directed towards 
harnessing the power of BIM for improved construction efficiency. Already, a 
number of these efforts have culminated in such measurable outcomes as the 
realisation of significant improvements design and construction accuracy enabled by 
clash detection also known as “interference checking” (Liu, Issa, & Olbina, 2010; 
van den Helm, Böhms, & van Berlo, 2010). Clash detection is an important 
analytical function which allows BIM users to determine whether or not two or more 
components within their models interfere with one another (Weygant, 2011). 
For instance, using a modelling and validation tool, such as Solibri Model 
Checker, designers can highlight and correct an instance where an air-conditioning 
duct runs through a beam element in the model. Similar to Solibri, a host of 
compliance-checking and analysis tools in use throughout the AEC include: 
Autodesk’s Ecotect for energy analysis, as well as Digital Project from Gehry 
Technologies and RISA from RISA Technologies either of which may be used in 
structural analysis (BIMforum.org, 2013). 
Overall, BIM usage has been credited for significant savings in project time as 
evidenced by several projects around the world (McGraw Hill Construction, 2014b). 
On careful analysis, for example, there is significant savings in time on a project 
adopting a BIM rather than a traditional CAD approach (see Table 2.1 ).  
Table 2.1 BIM versus CAD time savings comparison  (Autodesk, 2008) 
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Task CAD 
(hours) 
BIM 
(hours) 
Hours 
saved 
Time 
savings 
Schematic design 190 90 100s 53% 
Design development 436 220 216 50% 
Construction documents 1,023 815 208 20% 
Checking and coordination 175 16 159 91% 
Totals: 1,824 1,141 683  
Arguably, adopting BIM does not always guarantee the level of time savings 
reflected in Table 2.1. Nevertheless, there is evidence that even on projects where 
BIM adoption results in increased design time such schedule extensions are more 
than compensated for by significant reductions in total construction time (McGraw 
Hill, 2008) owing to the automated assembly of building elements. Within the 
context of building lifecycles therefore, such benefits are, arguably, automational 
rather than informational (Fox & Hietanen, 2007). 
Based on the matrix (Table 2.2), automational benefits of BIM directly result 
from appropriately exploiting the capabilities and effectively applying a range of 
BIM tools during design, construction and facilities management. Informational 
benefits, on the other hand, accrue from methodically leveraging a facility’s 
modelled information to meet the stipulations and demands of project stakeholders at 
any point during its useful life. 
Therefore, as some benefits do not result directly from the use of BIM tools, 
they can be considered informational BIM benefits. Azhar, Hein, and Sketo (2008) 
highlight some of these benefits to include: 
• better construction design 
• better production quality 
• better customer service provision for construction clients 
• leveraging generated lifecycle data for Facilities Management 
Table 2.2  is a contextual summary of the extent and impact of the 
automational and informational benefits of BIM in relation to the building lifecycle 
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phases, that is: conceptualisation, design and construction through to 
occupancy/facility management and eventual refurbishment or deconstruction. 
Table 2.2 BIM Lifecycle-Impact Matrix 
BENEFIT VERSUS  IMPACT SCALE EXTENT OF IMPACT 
Impact Criteria  Impact Phase(s) 
Short 
Term 
Mid 
Term 
Long 
Term 
Cost Savings (Bryde et al, 
2013 
Conceptual - EOL / 
refurbishment 
      
Time Savings (Bryde et al, 
2013) 
Conceptual - EOL / 
refurbishment 
      
Improved Communication 
(Bryde et al, 2013) 
Conceptual - EOL / 
refurbishment 
      
Improved Coordination 
(Bryde, et al, 2013) 
Conceptual - EOL / 
refurbishment 
      
Speedy Evaluations (Manning 
and Messner, 2008) Design - FM 
      
Controlled whole-lifecycle 
costs and environmental data 
(Azhar et al, 2008) 
Conceptual - EOL / 
refurbishment 
      
Improved customer service 
(Azhar et al, 2008) Design - FM 
      
Automated Assembly (Azhar 
et al, 2008) 
Design & 
Construction 
     
Improved Design (Azhar et al, 
2008) Design 
    
* EOL = End of life, FM = Facility Management 
As a repository of information, BIM fosters strong team-communication 
(Haron, Marshall-Ponting, & Aouad, 2009; Succar, 2009) and collaboration between 
project stakeholders (Chartered Institute of Building, 2010; J. Smith et al., 2001). In 
many instances, improved stakeholder collaboration is hinged on the possibility of 
performing queries and analysis on integrated data represented geometrically within 
BIM models. Ultimately, the implications of adopting a BIM approach to the whole 
building lifecycle, as proposed by Ballesty et al. (2007), is the promotion of 
efficiency and healthy competition by:  
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• Offering stakeholders access to uniform data protocols in support of 
project planning and implementation processes 
• Data preservation throughout building lifecycles with attendant benefits 
for FM 
• Availability of effective control for lifecycle costing 
• Process improvements for design, through speedy building design 
simulations, benchmarking and analysis, all of which result in improved 
project implementation 
This view is corroborated by Ballesty et al. (2007), who – arguing from a 
business perspective – submits that dependence of BIM models on shared utilisation 
and the creation of integrated model data are key benefits of Building Information 
Models. As these models are strongly rooted in Industry Foundation Classes (IFCs), 
their object contents are rich in data and possess attributes that facilitate the seamless 
exchange of building information across a range of software interfaces (Laakso & 
Kiviniemi, 2012; Ross, 2004; Zhang & Issa, 2012). Importantly, and as an outcome 
of BIM-model approaches to building design, two-dimensional (2D) drawings can be 
derived from three-dimensional (3D) data (Sabongi, 2009) and vice versa (see Figure 
2.7). Seminal work by Drogemuller and Tucker (2003) showed, for instance, that 
dimensional information from basic 3D CAD applications can estimate the quantity 
of building materials within a model automatically. Similar to these early works, 
current BIM applications enable the modelling of the type, quantity and location of 
the components that will go into a built facility long before actual construction. 
 Chapter 2: Building Information Modelling and Construction Specifications: A unified approach 35 
 
Figure 2.7. Various datasets can be viewed within BIM tools 
Notwithstanding these benefits, BIM presents a unique set of challenges in 
building design and construction (Arayici et al., 2012; Coates et al., 2010). Some 
known challenges include: extended design time (Gu, Singh, Taylor, London, & 
Brankovic, 2007), as well as a multiplicity of vendors - each with proprietary 
software that do not significantly differ from the host of others developed to meet 
perceived clients’ needs (Tardif & Smith, 2009). Many other highlighted challenges 
of BIM relate to fundamental misunderstanding and unrealistic expectations of BIM 
software (Guttman, 2011). For example, many stakeholders believe that building 
information in all their manifestations are useful for BIM models, whereas, as 
pointed out by  Guttman (2011), in Building information Modelling, more is not 
always better. 
Although conflicting interests - due to use of non-interoperable software - 
among interacting stakeholders has reduced considerably in some BIM-adopting 
organisations (Gorse, 2003), there remains an unrealistic amount of non-BIM 
compliant project information which some stakeholders argue should be represented 
in BIM models (Chen, Kamara, Winterburn, & Mell, 2008; Gluch, 2009). Thus, BIM 
models require significant information management to function as repositories of 
relevant project information (Camps, 2008; Dzambazova, Krygiel, & Demchak, 
2009). One way to respond to these growing stakeholder demands is to represent 
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them, as much as is practicable, within the IFC schema so as to enhance cross-
disciplinary communication such that there is seamless access to, and exchange of, a 
wide range of stakeholder information throughout the lifecycle of buildings (Arayici 
et al., 2012). 
Generally therefore, the core challenges with BIM in industry can be traced 
back to the limitations of IFCs (see section 2.1.3). For instance, BIM-authoring 
applications have slightly disparate export implementations for IFCs, leading to the 
recurrence of errors in the storing, importing and exporting of information for BIM 
software (Liebich, 2010). Due to these constraints within BIM frameworks 
(Drogemuller & Frazer, 2010), significant challenges are still experienced in 
effectively capturing and exchanging specification information, “the data or 
attributes used to determine not just what product was used, but why it was selected” 
(Weygant, 2011).  
2.2 Related BIM concepts 
Apart from the IFC schema (see section 2.1.3), several underlying concepts 
play key roles in the continued evolution of Building Information Modelling. 
However, since exhaustive  
2.2.1 Classification Systems (MasterFormat, UniFormat, OmniClass) 
MasterFormat, UniFormat and OmniClass are classification systems used in 
the AEC, each with a slightly different focus. For instance while the UniFormat 
classification system organises construction information based on systems and 
assemblies, physical aspects, of facilities (Lima, Zarli, & Storer, 2007), 
MasterFormat classifies construction information based on work performance 
(Rankin, Waugh, & Shukla, 2013). OmniClass, on the other hand classifies product 
information in line with BIM standards (Sabol, 2013).  
The distinction between these classification systems as proposed by Weygant 
(2011) is that while MasterFormat focuses on the construction of an element, the 
UniFormat classification takes cognisance of its operation. OmniClass, however, 
directly references the operation as well as the construction of a BIM object. These 
classification systems are employed variously around the world, have implications 
for BIM and a summary of their development is presented in section 2.4. 
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2.2.2 Construction Operations Building Information Exchange (COBie) 
Construction Operations Building information exchange (COBie) is a non-
proprietary dataset documentation format widely used for information sharing and 
documentation (BIM Industry Working Group, 2011) that was developed by the US 
Army Corps of Engineers and NASA (East, 2007). Following the mandate by the 
British Government for the use of Building Information Modelling in all Government 
procured projects by 2016, COBie was considered a viable and tested option for 
delivering non-proprietary BIM datasets. It is an international standard (BS 1192-
4:2014) by The British Standards Institution (2014), which stipulates the facility 
lifecycle information exchange requirements (East, Love, & Nisbet, 2010). 
Therefore, COBie has far reaching implications in industry as a constituent of a 
range of design, construction, and Facility Management software and it is value-
adding in view of the flexibility in information capture and exchange it offers. For 
instance, it allows information capture in the IFC and ifcXML formats and produces 
information deliverables in IFC, XML (COBieLite) or spreadsheet formats (East, 
2007). Furthermore, as an Add-in, COBie it facilitates the preparation of COBie 
formatted models. 
Notwithstanding, COBie database schema is often presented in spreadsheets 
(see Figure 2.8) which are non-geometric even when the BIM goal of the AEC is to 
leverage the efficiency gains of Virtual Design and Construction (VDC). Its 
simplicity notwithstanding, it goes against the grains in view of the goal of 
information integration to which the industry aspires. This shortcoming of the COBie 
format has flow on effects on the requirement of manual data input at different stages 
known as data drops (AEC Magazine, 2014). The implication is that at each of the 
stages where manual data collection is required, there is increased probability of the 
occurrence of human error. 
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Figure 2.8. Portion of a COBie spreadsheet exported from a BIM model 
2.2.3 Level of Detail / Development / Definition for BIM objects 
A Level of Development (LOD) refers to the extent to which the geometric 
and non-geometric components of model objects have been defined (Ciribini, 
2013). Although authors differ as to the definition and content of LODs (American 
Institute of Architects, 2013; BIMForum, 2013; International Facility Management 
Association, 2013), this research focuses on a generic use of the term as it relates 
to BIM Models and specifications as indicated in the BIM-specifications-LOD 
(BSL) framework (Figure 2.9).  
 
Figure 2.9. A BIM-specifications-LOD (BSL) framework (window object example) 
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A summary of the LOD requirements for a window object, as proposed by 
BIMForum (2013) and NATSPEC (2013) is exemplified in Table 2.3. 
 Table 2.3 LOD-Lifecycle Matrix (derived from NATSPEC, 2013). 
LOD Definition 
Contextual 
Lifecycle 
Phases 
LOD 100 Overall Building massing indicative of height, 
volume, location and orientation 
Conceptual 
LOD 200 Generalised systems or assemblies with 
approximate quantities, size, shape, location and 
orientation 
Design 
LOD 300 Specific assemblies that are accurate in terms of 
size, shape, location, quantity and orientation 
Design 
LOD 400 Specific assemblies that are accurate in terms of 
size, shape, location, quantity and orientation 
with complete fabrication, assembly and detailing 
information 
Construction 
LOD 500 Constructed assemblies, actual and accurate in 
terms of size, shape, location, quantity and 
orientation 
Facility 
Management 
 
The granularity of the definitions of the geometric and non-geometric object 
information in BIM models determine the Levels of Development (LOD) to which 
they are designated (Ciribini, 2013). The shaded portion of Figure 2.10, for instance, 
depicts how various levels of BIM object development can be hypothetically 
conceptualised in relation to the incremental development of the phases of the 
standard building lifecycle, where information granularity between LOD phases is 
gradual. 
Since building specifications are characteristically comprised of text strings, 
they can be thought of as non-geometric object information for the purpose of 
integration as part of the attributes of BIM objects. In the absence of standard 
definitions of the LOD of BIM objects, however (American Institute of Architects, 
2013; BIMForum, 2013; International Facility Management Association, 2013), 
subsequent aspects of this research investigate the development of a systematic 
approach to linking specification parameters at different LODs to the objects within a 
BIM model based on the standard definitions proposed by NATSPEC (2013) and 
indicated in the BSL framework (Figure 2.9). 
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Figure 2.10. Conceptualising LODs from a building lifecycle perspective 
2.3 Construction Specifications: Definition, Background and Critique 
…studies show that the quality of our documentation has deteriorated. This 
has led to more rework and variations on-site, which is estimated to cost 
Australia around twelve billion dollars annually. (Fisher, 2011, p. 80) 
As a rule, building specifications are required to be "clear, concise, correct and 
complete" (Burley, 1989; Construction Specifications Institute, 2011), and the uses 
of specifications are encapsulated in the functions that they perform such as for cost 
planning process (Gelder, 2001). In a loose sense therefore, the body of clauses, 
requirements and parameters which eventually materialise in the specification 
document are, firstly, as a result of decision-making processes which in turn, can 
either serve as the final product or as input to other products or processes (Toms, 
1996). 
In general, a traditional specification document comprises clearly defined 
sections and component parts. Figure 2.11 illustrates the typical structure of a 
building specification. The framework comprises distinct sections, carefully worded 
instructions and provisions related to the desired building/facility. Therefore, it is the 
parameters contained in these sections that inform the content which can and cannot 
be leveraged by systems such as Building Information Models. 
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Figure 2.11. Structure of specifications (National Building Specification, 2008, p. 23) 
2.3.1 Specifications: From Papyrus to PDFs 
According to the Construction Specifications Institute (2011), records of 
construction specifications possibly date as far back as the building of Noah's Ark as 
evidenced in sacred texts. Furthermore, well documented evidence of specifications 
can be traced from documentation for the building of the Athenian Acropolis, to the 
hieroglyphics inscribed on collections of Papyri in ancient Egypt, and eventually, 
standard, modern-day paper documents  (Gelder, 2001); more recently, Portable 
document Formats (PDFs) (National Building Specification, 2008). 
Shortly after the Second World War, construction specifications played a dual 
role, as the media for transmitting conceptual design ideas as well as a tool for 
providing quality assurance in a very volatile environment (Kalin et al., 2010). Thus, 
the lag in the evolution of specification writing in the highly competitive, post-war 
construction industry was significant with attendant consequences which meant, for 
instance, that formatting a specifications text was done haphazardly, requiring only a 
chronological ordering of specifications sections (Kalin et al., 2010). 
The media for capturing the prescriptions and descriptions of construction 
specifications vary only slightly according to geographic location, time of use and 
project type. Apart from the medium of expression – which usually corresponds to 
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the available, best suited information dissemination tools – the purpose and style of 
application of construction specifications have remained relatively unchanged since 
their use in ancient Egypt (Boukamp & Akinci, 2007). Represented as text strings, 
specifications are crucial to the whole building lifecycle as they stipulate the material 
quality and the associated workmanship necessary for project completion (Norman 
Potter, 2002). 
Construction specifications can be distinguished on the basis of the function(s) 
which they perform (Mundle, 1994). For instance, the method of specification 
selected in contractual relationships is informed by the form of procurement (whether 
Individual Trade Contracts or Main Contract) chosen for bidding (Müller, 2014). In 
the main, construction specifications fall into one of five broad categories 
(Construction Specifications Institute, 2011).  
Descriptive Specifications give detailed descriptions of material properties, the 
workmanship required and the manner in which they are to be installed on the 
construction site. An example of a descriptive specification is: 
“Structural Concrete: Maximum size not larger than ½ of narrowest 
dimension between forms, 1/3 depth of slab nor ¾ of minimum clear spacing 
between individual reinforcing bars; maximum aggregate size shall be ¾ 
inch”; 
Performance Specifications which describe the expected outcomes, the basis 
for making judgements on performance and the verification method(s). An example 
of a performance specification is: 
Panel Fire Rating: Class A Flame Spread Rating according to Fed Spec SS-
S118B and ASTM E 84; 
Reference Standard Specifications utilise well-established standards as the 
basis for the specification of products or processes. An example of a reference 
standard specification is: 
Fire-Resistive Gypsum Board: ASTM C 36. Type X (special fire-resistant), 
typical 48-inches wide and 5/8-inch thick (1/2-inch thick, proprietary fire-
resistive where indicated), square cut ends, tapered sides. H. Shop Primer: 
SSPC Paint 13, standard colour. (Clendining, 2008) 
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Proprietary Specifications describe proprietary information. An example of a 
Proprietary Specification is: 
Toilet Seat Cover Dispensers: Bobrick B-221 or equal, surface-mounted, 
type 304 stainless steel, satin finish. 
Mixed Specifications involves the use of any combination of the other four 
specification formatting styles within a single specification document. 
Collectively, these specifications are the prime enablers of a BIM approach to 
specification (Kalin et al., 2010). Irrespective of this classification, however, 
specification documents generally comprise three main parts: General Requirements, 
Product Requirements and Execution Requirements (Kalin et al., 2010; Weygant, 
2011). These aspects of construction specifications are discussed more fully in 
section 2.6. 
2.3.2 A critical evaluation of the merits and challenges of construction 
specifications 
Errors in specifications increase proportionately with the amount and extent of 
changes required on aspects of traditional specification documents (Boukamp & 
Akinci, 2007; CRC for construction innovation, 2009b). This view is implicitly 
corroborated by Fisher (2011) who argues that the decline in the quality of 
construction documents culminates in reworks and variations which cost the 
industry, in Australia alone, an estimated 12 billion dollars. An identified cause of 
such high volumes of specification errors is the number of project stakeholders 
required to make inputs to various sections during the development of specification 
documents (Ryoo, Skibniewski, & Kwak, 2010). Thus, the higher the frequency of 
stakeholder input required, the higher the probability of the resultant documentary 
errors. These challenges are evident during building design and construction and 
typically manifest as conflicts during implementation and, in the worst case scenario, 
eventually result in project failures (Ryoo et al., 2010). 
Furthermore, a significant amount of specification errors result from 
inexperience on the part of the Specifiers. As such, if specifications are to be error-
free regardless of the platform through which they are developed and accessed, 
significant investments must be made in harnessing the tacit knowledge of more 
experienced Specifiers (Arayici et al., 2012). The challenge with tacit knowledge, 
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however, is that there is only limited research into systematic, replicable, extensible 
and scalable strategies for mining and storing the latent knowledge of subject matter 
experts (Elghamrawy & Boukamp, 2008). 
In addition, there are significant taxonomical constraints surrounding the 
content and application of building specifications (Toms, 1996). As a result, 
determining the exact amount and type of information best suited to the need of 
project stakeholders significantly differs across a range of building construction 
projects and could potentially be a daunting task for modellers and researchers alike. 
Other benefits of Specifications accrue from their use as: a) supplements to 
construction drawings for effectively communicating of design intent (Kalin et al., 
2010) and, in the event of litigations, b) legal references upon which the ultimate 
decision-making of attorneys are based in settling disputes that may likely arise 
during building design and construction (Tardif & Smith, 2009). Furthermore, 
construction specifications provide input for cost planning which derives information 
from five (5) main sources: Employer, Architect, Mechanical and Electrical Services 
Engineer, Structural Engineer and Specialist Consultants (Ostrowski, 2013; RICS, 
2012).  Providing information about construction specification information is a 
requirement for four of the five sources, the exception being the Employer group. 
Therefore, specification information is crucial to the accuracy of final cost plans 
(Gelder, 2001). 
Although, relative to the time of this research, a concrete discussion on 
automating construction specifications for use within BIM frameworks is at its 
infancy  (National Building Specification, 2008), the motivating and underlying 
ideas are not entirely new to the industry. Research conducted in 1985, for example, 
highlighted the need for consistency in text-based specification documents, and 
provides the basis for more recent research into creating value and efficiency in 
construction specifications (Boukamp & Akinci, 2007).  
In spite of claims by organisations and individuals alike on having attained this 
goal through the automation of specifications, many have, in fact, merely created 
applications targeted at specific BIM software, with some export and import 
capability, but limited functionality in terms of information exchange across a wide 
range of BIM modelling platforms. Such approaches, however, provide added stimuli 
for software proliferation with little regard for implications on worsening the well-
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known problem of ‘Islands of Information’ in the built environment (Gursel, Stouffs, 
& Sariyildiz, 2007; Junge & Liebich, 1997). For example, the CAD-based design 
assistant – Ace – developed by the U.S Army Corps of Engineers in 1995 was merely 
a deployment of CAD technology for the development of a system external to the 
CAD environment rather than one embedded within the CAD framework (Hoff, Ort, 
Rives, & McGraw, 1995). The (CRC for construction innovation, 2009a) predicts, 
however, that there will be opportunities to utilise “simple and multi-level” systems 
of classification to support embedding specifications in BIM models at some 
unspecified point in the future. 
2.4 A timeline in the Development of Specifications 
Important milestones in the history of modern day building specification 
documents and standards as compiled by Charette and Marshall (1999); Clendining 
(2008); OCCS (2007) are: 
Mid 1800s-1961: Early research by Donaldson (1860) provides evidence of the 
arrangement of specifications on the basis of trades/craft. Post-world war II, the 
Construction Specification Institute is formed (1948) to address challenges with 
specifications in the wake of increased demands and new technologies. Materials and 
works for building projects arranged chronologically and by trade in a Single 
descriptive document. Construction Specifications Institute (CSI) releases initial 
guidelines for the organisation of specifications. 
1963: Official publication of the CSI Format for building specifications. 
Specification is structured into 314 alphabetically ordered sections contained within 
16 divisions. 
1964: The 314 sections contained within divisions 1 - 16 of the CSI publication of 
the previous year increase to 1010 
1972: Integration of the CSI format into the Uniform Construction index (UCI) with 
the goal of easy classification, storage and retrieval of construction industry data; 
coinciding with the advent of CAD technologies. CSI Format sections expand to 
1220. 
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1973: Systems Integration by the American Institute of Architects and the General 
Services Administration (GSA) results in the publication of UNIFORMAT 
classification for building specifications, cost estimation and analysis. 
1975: Addition of a controversial “division 0” to the CSI Format. First use of the 
term MasterFormat™, bringing the section lists to 2120 
1989: Members of the subcommittee on Building Economics in an International 
Standards Organisation, ASTM International (formerly the American Society for 
Testing and Materials), commence work on the classification of building elements 
based on UNIFORMAT. UNIFORMAT is renamed UNIFORMAT II. 
1994: The ISO 12006-2 standard creates the framework for the OmniClass 
Construction Classification System (OCCS), a multi-table classification system 
developed by CSI for the facilities industry. 
1995: Last use of the 16 Divisions MasterFormat and joint publication by CSI and 
Construction Specifications Canada (CSC) who also revise UniFormat. 
2000: The OCCS Development Committee meets to establish a set of guiding 
principles for the development of OmniClass  
2004: Initial 16 divisions of the MasterFormat are reviewed upward to 50 in step 
with technological advances and rapid changes in the construction industry. 
2010-2014: Decision to allow users to propose changes to a MasterFormat 
Maintenance Task Team for review, and inclusion in future updates (if the proposed 
changes are accepted). 
2.5 BIM and Specifications: An integrated framework 
From a historical perspective, specifications play a complimentary role in 
relation to construction drawings (Müller, 2014). Therefore, although the media for 
capturing and expressing the content of building specifications have evolved from 
the Papyrus to more modern information platforms such as PDFs and database 
templates, there is a need to explore in-depth how modern enablers of technology, 
such as BIM modelling, can serve as the basis for an industry-wide paradigm shift in 
construction documentation (CRC for construction innovation, 2009b) (see Figure 
2.12). 
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Figure 2.12. (a) Hand sketched foundation and Autodesk Revit (3D) representation of a Pad 
foundation and bearing footing, (b) traditional specification. 
Construction specifications typically prescribe and describe the product and 
service standards which relate construction quality requirements (Boukamp & 
Akinci, 2007; Gelder, 2001). Although this view of construction specifications has 
some merits, it is restrictive to the extent that it only underscores specifications as 
important documents in building design and construction. Yet, the impact of 
construction specifications extends beyond their application as reference documents 
which articulate important contractual clauses or product/service quality 
requirements; they also encompass the processes that culminate in the final product 
(Toms, 1996). 
In relation to construction contracts, drawings can be clearly distinguished 
from specifications (American Institute of Architects, 2007), in the sense that:  
The drawings are the graphic and pictorial portions of the Contract 
Documents, showing the design, location and dimensions of the Work, 
generally including plans, elevations, sections, details, schedules and 
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diagrams. [Meanwhile], the Specifications are that portion of the Contract 
Documents consisting of the written requirements for materials, equipment, 
systems, standards and workmanship for the Work, and performance of 
related services. (American Institute of Architects, 2007, p. 3) 
With the advent of BIM technologies, the BIM objects can be augmented with 
specification parameters, in all the model views, and in line with industry-wide 
adoption of BIM for project implementations in the AEC. In this sense therefore, the 
reasoning that drives construction specifications as presented in the body of this 
work is the understanding that specification parameters can be conceived of as BIM-
relevant datasets (Harris, Melin, & Tavis, 1975). 
The tasks that must be performed from project conceptualisation through to 
handover have a basis in their being specified - not drawn - prior to their execution 
because specifications play a crucial in ensuring the clarity of the agreements entered 
into by contracting parties (Kalin, 2011; Toms, 1996). Moreover, when conflicts 
between the stipulations of specifications and the illustrations contained in drawings 
arise, it is a contractual norm that specifications take precedence over drawings 
(Mundle, 1994). Therefore, the current focus on enabling design efficiency in the 
AEC, notwithstanding, the evidence suggests a need to investigate and implement 
strategies that use uniform technological platforms to connect specifications to all 
aspects of building design and construction. 
In view of ongoing, wide-spread adoption of Building Information Modelling 
in the built environment therefore, specifications can be conceived of as digital 
prescriptions and/or descriptions of the products and service standards that determine 
the implemented quality stipulations capable of being embedded within BIM models 
or referenced from within the model. This notion is upheld by Weygant (2011) who 
argues that the content of specifications are cardinal to furnishing the information 
content of BIM models as they are essential to the production, use and sustenance of 
construction documents (Kalin et al., 2010). The content of specification documents 
are created and maintained through the efforts of Specifiers. In terms of creating 
BIM-related information, the functions of Specifiers are applicable in several ways 
including, specifying for: 
• Product documentation 
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• Process documentation 
• Procedural documentation 
In addition to documenting these key aspects for document creation however, 
the roles of Specifiers also include intuitive, conditional selection of products and 
systems considered best suited to the scenario in question (Kalin et al., 2010). Some 
common influences that affect the selection of these products and systems include: 
prevailing building codes, the presence of alternative products or systems, product 
and system performance as well as environmental conditions (Kalin et al., 2010). 
Therefore, in selecting products, the decision-making process of Specifiers can be 
improved by adopting BIM-based approaches on the basis of inherent capabilities of 
BIM tools such as: model-data encapsulation, standardised information organisation 
and consistency in attribute nomenclature (Weygant, 2011). 
Construction information contained within BIM models are based on standard 
conventions such as: the MasterFormat, UniFormat and Omniclass tables (see section 
2.2.1), the difference being that cross-referencing is not required in Omniclass tables 
which, unlike MasterFormat and UniFormat systems, integrates the construction and 
operation information of elements (Weygant, 2011). By inference therefore, an 
important source of standardised specification information for BIM models can be 
accessed from Omniclass Table 23 (Products) (Weygant, 2011).  
This view is consistent with the conceptualisation of specification information 
as datasets (Harris et al., 1975) which are drawn from portions of specification work 
sections including: material grades/thicknesses, performance requirements, 
tolerances, finishes, quality, standards, etc. (The National Specification System of 
Australia (NATSPEC), 2013). Furthermore, the idea of embedding specification 
information in Building Information Models aligns with the ‘distributed repository’ 
paradigm of BIM (see Figure 2.5), and research efforts show potentials for 
generating IFC-supported specification information from the IfcWorkPlan entity 
(CRC for construction innovation, 2009a; Zhiliang et al., 2011) to ensure uniformity 
in data exchange throughout BIM models. Thus it is opined that, when fully 
integrated (see Figure 2.13), errors in cost plans due to poor specifications will be 
significantly reduced (Thomas, 1991).  
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Figure 2.13. Idealist representation of BIM with full specifications and cost planning capabilities 
(Dean, 2007) 
Proposals for advancements in the construction industry indicate a preference 
for a phased migration to technology-supported platforms characterised by 
automational and / or semi-automational functionalities in order to facilitate the 
extraction of embedded information from BIM platforms for use in specifying and 
cost planning (CRC for construction innovation, 2009b). Professionals in the 
industry expect that BIM models will provide a basis for automating building 
specifications and possess the potential for impacting cost estimation processes 
(Dean & McClendon, 2007). Nevertheless, there are no clear guidelines on how such 
expectations will be met. 
Most BIM models are characterised by such attributes as: robust, measurable 
and accurate geometry; extensibility of object properties; richness of semantics, as 
well as information (Arayici & Tah, 2008). At a basic level, building information 
models are the products of combining computer aided design information and 
specification information, represented by Weygant (2011) as: 
CAD + SPECS = BIM 
Yet, there is little evidence of projects where specifications have been fully 
integrated into 3D models (Dean & McClendon, 2007; Succar, 2009). Thus, a 
genuine driver justifying a proposal for an industry-wide transition from traditional 
methods of specification to BIM-based approaches is the characteristic inefficiency 
and redundancy with which many of the more traditional approaches are burdened. 
For example, 10,000 paper documents per project are produced on average and need 
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to be updated during the execution of a typical building project (Turk & Bjork, 
1994). Managing, updating and referencing large amounts of information in ways 
that are neither systematic nor automated, often proves challenging and constitutes a 
key source of specification errors, many of which are generated from human 
oversight. 
In a thesis, New instruments for dynamic building-construction: computer as 
partner in construction, van Rees (2006) effectively establishes connections between 
traditional specification texts and their interrelationship with other sources of 
construction information. This conceptualisation views specification documents as 
repositories of construction information as well as references for other aspects of the 
construction process. Building on this logic therefore, Figure 2.14 shows an 
information network comprising the flow of user-specific parameters – contextually 
referred to as lean-specifications – into BIM models. 
 
Figure 2.14. Lean-BIM-Specifications information dynamics (source: author) 
In industry, the National Building Specification (2008) classifies the modern 
specification system as illustrated in Figure 2.11. This view of building 
specifications groups the contents of specifications into three component parts - 
preliminaries, work sections and schedules – which are generally consistent with the 
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format of master specification systems such as Australia’s AUS-SPEC and 
NATSPEC (The National Specification System of Australia (NATSPEC), 2013). 
On the basis of their adoptions as nationally accepted specification standards, 
the key (high level) structural attributes of the NBS system – in use mainly in the UK 
– and Australia’s NATSPEC are highlighted in Table 2.4. 
Table 2.4 Structural comparisons between NBS and NATSPEC specification systems. 
ATTRIBUTE NBS Specification System NATSPEC System 
Basis of logical / 
sequential 
ordering 
Common Arrangement of Work 
Sections (CAWS) 
National Classification 
System 
Main 
component(s) of 
specifications 
Preliminaries, Work sections and 
Schedules 
Worksections (foundation 
units) 
Typical 
worksection 
structure* 
General (System outline) 
System performance 
Products 
Fabrication 
Execution 
Completion 
Facility management 
General 
Products 
Execution 
Selection (schedules) 
* Some specifications vary slightly from these formats. 
Consequent upon the content of Table 2.4, two broad groups of specification 
information can be readily identified; Preliminaries and Worksections. Other 
specification information clusters which can neither be termed a preliminary nor 
worksection can safely be grouped within the schedules. Detailed, albeit relatively 
dated, investigation of both systems (and others) are presented in research by the 
International Construction Information Society (2001). 
2.5.1 Specifiers’ Properties Information Exchange (SPie) 
Recent attempts to integrate Building information Models and Specification 
data originates from the Specifiers’ Properties Information Exchange (SPie) project 
(Kalin et al., 2010). SPie is an open standard for the exchange of building 
information and product data between stakeholders in the building lifecycle (East, 
McKay, Bogen, & Kalin, 2011) and generally stipulates the minimum BIM objects’ 
properties specification (Kalin & Weygant, 2013). 
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To facilitate the information exchange, SPie templates source BIM 
data/information from the Unified Facilities Guide Specifications and COBie and 
serve as input for COBie (Kalin & Weygant, 2013). SPie-derived product templates 
serve as the basis for information exchange between manufacturers and other 
construction stakeholders, including: Specifiers, designers, architects, builders and 
built asset owners (East & Kalin, 2013).  
Specifiers-centric information within BIM models are accessible through the 
SPie property sets (Kalin et al., 2010). At the time of writing, the Specifiers property 
set consists of 425 specification sections and an 8500 line spreadsheet. The web-
based portal of the Whole Building Design Guide (WBDG) allows users to search for 
desired SPie-compatible BIM object templates in COBie, HTML, XHTML, IFC and 
IFCXML formats (WBDG, 2014). 
The parameters that constitute the property sets can, thus, be embedded in BIM 
objects as the property sets are explicitly defined in the IFC schema (Nepal, Jupp, & 
Aibinu, 2014). The information content of SPie ensures automated data capture, 
improved consistency in documentation, and reduced procurement costs of 
construction documents through the collaborative efforts of software and product 
manufacturers, trade associations, professional associations, and project stakeholders. 
SPie property sets are commonly used for outline specifications as well as for 
assembly codes / type properties in BIM data structures. Table 2.5, coined from  
Kalin et al. (2010), shows the structural organisation of data in SPie spreadsheets. 
Table 2.5 Typical contents of the SPie spreadsheet  
Attribute Data organisation level 1 Data organisation level 2 
Line number Sequential line numbering  
MasterFormat 
Number CSI/CSC MasterFormat 2004  
Uniformat 
Number CSI/CSC UniFormat II (ASTM E1557)  
Section Name CSI/CSC MasterFormat 2004 Section Name  
Property 
Value Specifiers Property  
Property 
Name OmniClass Table 49 As shown below 
 Property Property definition 
 Application Intended function or use of the 
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product 
 Sustainability Environmental attribute applicable to the product 
 Accessibility Applicable regulations for physical access 
 Reference Standard Applicable industry standards for performance 
 Code Performance Applicable code requirements 
 Warranty Manufacturer’s or installer’s guarantee 
 Manufacturers Product producer or source 
 Materials Primary materials 
 Type Product specific types 
 Grade Product specific grades 
 Sizes Primary size or shape of product 
 Thickness Primary thickness of product 
 Colour Primary colour of product 
 Finish Primary finish of product 
 Method of operation Primary method of operation 
 Installation Installation type or requirements 
 
2.5.2 A review of some specification systems 
The short and long-term implications of model information on the design, 
construction and management of built facilities have been the focus of recent 
research (Chew and Riley, 2013). Similarly, a noticeable increase in vendors offering 
specification-based applications has occurred in the last five years. This is closely 
associated with increased awareness that collaborative work practices have been 
instrumental to time and cost reductions in construction project delivery (Smith et al, 
2001). In turn, these improvements are supported by the systematic adoption of 
software tools in construction project management in a manner that has promoted 
efficiency.  
Contextually, specifications are grouped into two main classes: BIM-based and 
non-BIM-based specifications. Generally, specifications produced with 
word/document processor-based tools, such as Microsoft Word templates, PDFs, 
etc., are of the non-BIM-based class. Alternatively, BIM-based specifications are 
targeted at improving specification users' experience by linking specification 
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parameters, like text, to the components that comprise BIM models throughout a 
building’s lifecycle. Thus, an early focus on BIM-centric information must 
accentuate the need for specification information from the point when the client's 
brief is produced to eventual building refurbishment or demolition (Chew & Riley, 
2013). 
The concept of an integrated BIM-Specifications framework, however, has not 
attracted the same level of interests in the construction industry as have other BIM 
application areas (Kreider, Messner, & Dubler, 2010). Indeed, current studies 
indicate that there are no standardised approaches to integrating specification 
information with BIM models. Such data sets serve, at best, as mere references and 
are adapted in ways that are inconsistent, non-replicable and non-integrated 
(Chapman, 2011b; Weygant, 2011). 
Four of the products currently in use in industry are e-Specs (e-Specs, 2013), 
NBS Create from the Royal Institute of British Architects (RIBA) (Chapman, 
2011a), NATSPEC’s SPECbuilder Pro (NATSPEC, 2012) and Digicon’s BIMdrive 
(Watson, 2013); produced in Australia, the United States of America, the United 
Kingdom and Canada respectively. These four products are exemplars of current 
efforts in industry and research aimed at creating increased awareness of the 
importance of Specifications. Following is an itemised summary and distinction 
between these products. 
• e-SPECS is a product of InterSpec, a construction management and service 
firm, which enables users to interact with BIM models by providing product 
and material requirement extraction capabilities (e-Specs, 2013). As such, 
when added as a plug-in to a BIM software such as Autodesk Revit, e-SPECS 
retrieves model information related to assembly codes, descriptions and 
parameters embedded within generic Revit families and synchronises this 
information to the e-Specs software itself.  
With the e-SPECS for Revit plug-in, for example, changes within the 
model are automatically made to the specification document (after the plug-in 
refresh button has been clicked). Thus, the accuracy of the Specification 
information is as accurate as the associated component/BIM object contained 
within the model. For example, if a stair family within a model is selected, 
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the view e-Specs functionality within the plug-in allows users to view (on a 
Word-type pop-up page) the corresponding specification sections linked to 
the selected family from within the Revit template.  
The basis for the automation within e-SPECS is the functionality of the 
Binding Manager which effectively makes connections between a Revit 
object and an e-Spec section through Assembly Codes. A specifications 
project manual can thus be created once the model information is extracted 
and transferred to the e-SPEC interface. Thus, with e-SPECS, there is actual 
interaction between model and Specification document. 
Notwithstanding, the constant need to manually refresh e-Specs both 
within the Revit platform and in the e-SPECS environment in order to see the 
most updated information (while frequently moving between both platforms) 
may prove counterproductive and substantially increase the tendency for 
errors on large-scale projects. Also, heavy dependence on assembly codes 
implies that users of e-SPECS require substantial knowledge of code-based 
editing of worksections. 
• The NBS Create specification tool is a product of the National Building 
Specification (NBS), an organisation which has both authored and maintained 
specifications in the United Kingdom for over four decades. Like BIMdrive, 
NBS Create is said to have been developed with a BIM-focus in mind 
(Chapman, 2011a). The creation of the software is underpinned by years of 
customer requests for better, more efficient ways to specify. The result of 
those requests is reflected in the intuitiveness and simplicity of NBS Create, 
providing users the option of developing specifications beginning with basic 
outlines and building on those each time more project-specific information is 
available and where users can decide on the exact pre-populated clauses and 
sections that are directly relevant to the project in question. Furthermore, it 
addresses the randomness often associated with specification assembly where 
users typically delete what they perceive as sections that are not relevant and 
paste those thought to be of relevance. The software guides users' 
specification assembly based on prior decisions made during system outline 
clause completion. 
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Although the similarities between the functionalities of NBS Create and 
e-SPECS are strong, users are better able to specify based on building models 
with e-SPECS than they can with NBS Create. This distinction is based on 
the approach to specification assembly by e-SPECS which connects the 
model to the specification so that changes to one tool effects changes in the 
other.  
• SPECbuilder Pro SPECbuilder Pro, by the National Building Specification 
System of Australia (NATSPEC), is a Windows-based specification 
application (NATSPEC, 2013a). The application simplifies the traditional 
complexities associated with developing specification documents by 
empowering users to prepare draft specifications based on pre-populated 
specification templates (NATSPEC, 2012). Although it is built around a 
Word-based platform, it provides sufficient flexibility by allowing users to 
click (tick) on relevant aspects of the specification templates that are of 
relevance to the project in question. The user base includes project 
stakeholders such as:  building owners, architects, interior designers service 
and structural engineers (NATSPEC, 2007). Users are able to either purchase 
a CD version of the software for download and installation on local drives or 
use an online version (Specbuider Live) which serves the same function, but 
without the need for downloading any application (NATSPEC, 2013b). The 
merits of the template-type approach demonstrated in SPECbuilder Pro 
include a substantial reduction in human-related errors owing to error-
checked information in the pre-populated template which comply with 
prevailing building codes and standards as well as robustness that permits: 
o a familiar user interface for creation of office-edited worksections,  
o merging of two or more specifications, and 
o ease of editing and stylization of documents (NATSPEC, 2012).  
As a result, there is significant reduction in time for specification 
development. Nevertheless, the quality of the final specification document is 
still largely dependent on users' experience and expertise as well as on the 
complexity of the project's requirements. Also, the information in the 
template is generic and care has to be taken in editing the work sections to 
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ensure conformance to specific project requirements. Moreover, direct BIM 
capabilities are not available in the current version of SPECbuilder Pro. 
• BIMdrive: Digicon Canada, makers of BIMdrive, describe it as a software 
developed with a BIM-based approach to specifying in mind (Watson, 2013). 
Like e-SPECS, BIMdrive employs a checkbox approach while tailoring 
generic specifications to conform with project and, by implication, model 
requirements. Unlike e-SPECS, however, BIMdrive does not depend on the 
use of Assembly Codes. This independence is highlighted by the description 
of BIMdrive as standalone software with potential for integration with BIM 
models in future releases of the product. The main benefit of the software, 
from a regional perspective, is its interface with other national standards 
(Canadian Master Specification (CMS) and National Master Specification 
(NMS) texts); hence, the learning curve for industry practitioners in 
transitioning from a system that is heavily text-based to BIMdrive is 
anticipated to be less steep than would be required with similar systems. 
Some merits of the application, according to,(Digicon Information Inc, 2011), 
are:  
o Checking and validation of users' actions in order to issue alerts in the 
event of conflicts in specification clauses or even omission of 
mandatory specification criteria,  
o Increased speed and accuracy in the development of specification 
documents,  
o A reporting functionality that has the capacity of producing 
specification-based Project Management reports. 
o As standalone software, like NATSPEC's SPECbuilder Pro, it allows 
visualisation of the building model independent of the application. 
An awareness of these distinctions is crucial to enhancing the development and 
deployment of specification information in a manner adaptable to the unique 
challenges facing the built environment and encourages integration of specification 
functionalities alongside advances in Building Information Modelling. Hence, a 
subsequent section of this research (section 2.8.6) discusses a proprietary product 
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library developed by this research team and proposed as a repository of construction 
specification information for augmenting generic BIM object information. 
2.6 Construction Specifications and Waste 
Notwithstanding software-driven approaches to specifying, however, the three 
recurrent problem areas of considerable significance are still: construction costs 
(Hwang, Thomas, Haas, & Caldas, 2009; Love & Li, 2000), time (Love, Mandal, & 
Li, 1999), and reworks. It is argued that cost-reduction is key to reducing design and 
construction-related waste (Osmani, Glass, & Price, 2006) and there is evidence that 
inappropriate documentation of specification information constitutes a major source 
of these wastes (Oyedele et al., 2013). Therefore, efforts geared towards reduction of 
cost-related waste during the lifecycle phases of projects in the AEC must accurately 
integrate clients' specifications into planning and design for an effective response 
strategy to project changes in a cost-effective manner. Thus, Specifications must be 
accurate if building design and construction processes are to meet the cost objectives 
set by project stakeholders (NBS, 2013a).  
Notwithstanding current levels of BIM-driven productivity, it is conceivable 
that further savings in construction costs may be realised from an integrated 
specifications strategy which augments BIM objects in traditional software libraries 
with specified product parameters. 
As hypothetically illustrated in Figure 2.15, due to current gaps between 
specifications and building models, resource-consumption in a non-integrated BIM-
specifications scenario far outweigh resource-consumption in an integrated setting. 
Thus, the accumulation of economic gains from embedding specification parameters 
in Building Information Models can be expected. 
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Figure 2.15. Conceptual representation of approaches to model-specification interaction. 
2.7 Augmenting BIM models with Specifications from product libraries 
An object or assembly should carry enough information to accurately specify 
an actual product. It should provide the architect or Specifier with the ability 
to determine not just what a product is, but why it was selected, how it 
performs, who is responsible for it, where it may be installed, when it should 
be installed, how it is maintained, and when it should be replaced. (Weygant, 
2011, p. 20) 
So far, it has been established that Building Information Modelling (BIM) has 
been successfully adopted as a strategy for addressing some challenges characteristic 
of the AEC, such as information fragmentation (Succar, 2009). It has also been 
argued that much of the success evidenced in industry is closely linked to Industry 
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Foundation Classes and interoperability (section 2.1.3), which facilitate the 
homogeneity of information exchange between interacting software systems (Kandil, 
Hastak, & Dunston, 2014). However, subsections that follow show that, 
notwithstanding the deployment of Industry Foundation Classes (IFC) in response to 
challenges with interoperability (Ilal, 2007), inefficient information exchange 
between different BIM tools and applications persist (Lapierre & Cote, 2007). The 
generic libraries in BIM-authoring tools do not have sufficient capacities robust 
enough to handle some of the requirements for furnishing key product data (Owolabi, 
Anumba, & El-Hamalawi, 2003) especially those as complicated as construction 
specifications. By exploring exemplars of commercially and nationally available 
tools (including the product library tool utilised in this research); current approaches 
to specification are reviewed. This provides the basis for subsequent distinctions 
made. 
Due to the interoperable functionality of BIM-authoring software, and in 
response to the limited number of model objects in their generic libraries, alternative 
means of capturing proprietary products unique to certain projects have been sought 
after. The importance of product libraries to the overarching goal of reducing 
fragmentation in the construction industry is underscored by the fact that the major 
components of BIM models are captured by the interactions between model objects. 
Yet, it is difficult to find any one generic product library that captures project-related 
specification information in a way that they are readily available to users of BIM 
information prior to, during and after project implementation.  
Apart from the objects in BIM-authoring software, a number of these product 
libraries - for example, Google's 3D Warehouse (Google, 2013) and Autodesk's 
SEEK (Autodesk, 2013) - are freely available to users online, others are accessible 
through subscriptions. Three of the more popular commercial product libraries are: 
AutoSpec, Reed Construction Data, and McGraw Hill's Sweet Catlaog while three 
national product libraries of interest are: Product Spec of New Zealand, the UK’s 
National BIM Library and the Australian National Object Library 
2.8 An Exploration of Product Library Initiatives 
Research interests in product libraries and information modelling has steadily 
risen over the years. The following sub-sections briefly examine three each of 
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commercialised product libraries, and evolving national product libraries, concluding 
with a discourse on other model transfer initiatives in research which exploit 
advances in information modelling in meeting the growing demands for software 
interoperability in the AEC. 
2.8.1 AutoSpec 
AutoSpec is a commercial library of products assessable both on line as well as 
from within the local libraries of subscribing organisations. At the time of writing, 53 
manufactures were listed as clients who subscribe to Autodesk. The library is 
Specifier and manufacturer-centric and tailored to users' requirements.  The library is 
especially useful to Specifiers as it has been designed in a way that takes cognisance 
of the typical requirement of manufacturers and has tools, with menus and task bars 
to aid the specification process (AutoSpec, 2013). The search functionality of the 
library can be used in one of three ways: searching by manufacturer, keyword query 
or searching by project range. However, in order to assess full library functionalities 
which include product (CAD / BIM) files, there is a subscription requirement for 
users.   
2.8.2 Reed Construction 
Reed Construction is a robust database of manufacturers' products complete 
with the usual features of product libraries (Reed, 2013). The costing feature of the 
products in the product library are supported by a subsidiary product (RSMeans) 
while the search function ties in with the MasterFormat classification system to 
enable users knowledgeable about the classification system carry out searches easily. 
These MasterFormat-based classifications have 25 broad product categories which 
are further broken into 230 other categories. However, users are only able to access 
and assess the full product library capability such as specifications, CAD and BIM 
files from the product library.   
2.8.3 Sweets Catalog 
Like the Reeds Construction Data, the McGraw Hill owned Sweets Catalog 
uses a MasterFormat classification to enable users execute a product search 
(McGrawhill, 2013). Its database of product is however more robust as there are 45 
main categories in the library serving over 10,000 manufacturers of building 
products. 
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2.8.4 ProductSpec 
ProductSpec serves as a national library of products in New Zealand with 22 
main categories, 101 sub-categories containing over 12,500 CAD and BIM files for 
architecture, design and landscape products. With a client-base of over 50,000 
professionals, the database consists of over 50,000 objects (Productspec, 2013) and 
allows free access to more than 9,000 BIM/CAD files through its downloadable 
CAD add-on. The database offers a significant number of products to users ranging 
from generic CAD/BIM objects to specific manufacturers' products. However, users 
do not have the option of making any changes to the properties of the products from 
within the library of objects. 
2.8.5 The National BIM Library 
The National BIM Library is a product of the National Building Specification 
(NBS) owned by the Royal Institute of British Architects (RIBA) in the UK (see 
Appendix B for discussion on the NBS and its impact on specification). The library of 
products offers users free access to IFC-compliant content and the choice to 
download products in any one of four software formats according to system 
requirements - Autodesk Revit, ArchiCAD, Vectorworks, Tekla and Bentley (NBS, 
2013a). Beyond the usual product library service, the components of the National 
BIM Library are offered together with property set definitions integrated with the 
Uniclass tables of classification. 
Furthermore, users are given the option to browse the library according to two 
broad categories; by objects or by manufacturers. Consequently, access is provided 
to 28 product categories which, at the time of writing, cater to 709 objects as well as 
155 proprietary objects derived from 9 manufacturers. Products from the library 
download in a zipped folder containing a user guide in PDF format, a text file for 
product-specific parameters as well as a text file of shared parameters in addition to a 
CAD/BIM file as modelled in the software environment selected by the user.  
2.8.6 The Australian National Object Library (Product Library) 
In the context of this research, a product/object library is a catalogue of BIM-
based objects representative of generic and proprietary objects accessible from BIM-
authoring tools. The Australian National Object Library is proprietary and 
undergoing a second phase of development. The idea behind its development is the 
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creation of a platform-independent database of products at various levels of 
development, whose content can be manipulated and leveraged for augmenting the 
generic information contained in the objects within BIM authoring tools. According 
to the The Sustainable Built Environment National Research Centre (2014), the 
project that led to the creation of the product library was aimed at improving “… 
industry productivity by extending the current paradigm of computer-aided design 
(CAD) libraries to support the design, construction, facilities management and 
demolition/re-use information across disciplines and throughout the building 
lifecycle.” 
The first step in linking digital libraries to the library is to ensure that desirable 
specification information is mapped onto an excel spreadsheet based on a Specifiers’ 
Properties Information Exchange (SPie) (see section 2.5.1). Subsequently, the 
information undergoes transformation together with IFC-based geometry for use as 
input for the product library database (Utiome and Drogemuller, 2013). Thus, the 
product library tool allows for the attachment of specification data to ifc-based object 
geometry in the product library without loss of integrity. Together, the SPie-
processed specification parameters and the IFC object under design make up a 
product line template within the product library.   
As a result, the information so produced finds applicability during building 
design and construction and, eventually, it is useful to the client or Facility Manager 
(East & Kalin, 2013). The underlying processes for generating the content of the 
product library are discussed further by Utiome & Drogemuller (2013) and Duddy et 
al. (2013). However, the guideline for using SPie as the starting point for embedding 
proprietary specification values in a product library are described in three steps as 
follows: 
Guideline to SPie representation 
1. In line with industry standards and at predetermined levels of development 
(LODs) where necessary, desirable product specification parameters are 
entered into a SPie (or COBie) spreadsheet as illustrated in Figure 2.16. 
This step occurs prior to user modelling and merely illustrates how the 
product information is embedded in the product library in the first 
instance. 
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Figure 2.16. SPie spreadsheet embedded with Spescx for AWS-Series 452 window 
 
2. Information from the spreadsheet is mapped to the product library as a 
product template. The model shown in step 3 of Figure 2.17 is one of ten 
blocks of 2 bedroom apartments designed and built by a research sponsor 
and it is the case study model referred to in subsequent sections of this 
research. For our purpose, we assume that the desired properties for all 
windows in the model are according to the Architectural Window Systems 
(AWS) Series 452 specifications (Architectural window systems, 2013). It 
is on the basis of the information in the AWS specification document that 
data is extracted and embedded in the SPie spreadsheet. 
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Figure 2.17. BIM-Specifications Integration Cycle (Utiome & Drogemuller, 2013) 
3. Template information is used to enhance the specification parameters of 
objects in one of two ways:  
o By exporting object geometry and specification parameter information 
from the product library to the BIM-tool and using the imported object 
within the BIM tool by itself instead of the generic object.  
o By consulting the product library from within the BIM software and 
importing desired specifications parameters (i.e. properties without the 
geometry). 
The value of this approach is the ability to use and reuse specifications from 
within the BIM authoring tool once that information has been imported from the 
product library. 
The merit of the product library initiative is that it presents a new way of 
combining Building Information Modelling and Specifications (BIM-Specifications) 
in an approach that emphasises integration over fragmentation, and with IFCs as its 
basis, allows for the augmentation of BIM objects with specification information. 
Moreover, the platform enables the representation (and subsequent export) of 
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products at different levels of development (LOD) in line with good product lifecycle 
management methods recommended as central to BIM implementation best practice 
(Jupp, 2013). Therefore, since information from construction specifications transcend 
the life of a building project to its operation and throughout its useful life (Mundle, 
1994), it is useful to embed such information within BIM Models to ensure the 
reliability of information required for building design, construction and maintenance 
(National Building Specification, 2010). 
As the product library is provisioned by the extensible framework of IFC 
(Eastman, 2006), its strength is its conformity to stipulated criteria for an open 
building model as proposed by Björk and Penttilä (1989), namely: 
• all-inclusiveness 
• summativity 
• non-superfluousness 
• autonomy 
• output independence 
2.8.7 Other initiatives 
Although the increasing availability of product libraries implies that users are 
better able to choose from a range of providers according to project requirements, 
there is the potential danger of BIM object proliferation which fosters rather than 
reduces information-fragmentation in the long run. For instance, different objects are 
created with different software tools by different organisations. The problem of 
software interoperability therefore arises when inter-organisational collaboration is 
required, to the end that work-arounds and compromises result. Furthermore, and 
more importantly, with the key focus of such product libraries being the provisioning 
of model objects, the arduousness of the exchange of non-compatible information 
across organisational boundaries is foreseeable. Thus, certain conditions must be met 
for such product libraries to be considered truly interoperable, including: data-format 
compatibility (Palos, 2012),  and use of uniform standards in the creation of the 
libraries (Aguilar & Ashcraft, 2013). As a result two forms of interoperability are 
distinguishable: 
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• Intra-platform interoperability: The seamless exchange of information 
between software systems from the same vendor. 
• Inter-platform interoperability: The seamless exchange of information 
between software systems from different vendors. 
A few other product library initiatives include the ARROW project, CONNET-
MPS and GEN Projects (Amor, Jain, & Augenbroe, 2008) as well as research at the 
University of Auckland (Amor & Kloep, 2003) and University of Edinburgh 
(Ofluoglu, 2003) where accessibility to product information from manufacturers and 
beneficial ways of interacting with product information formed the research foci 
respectively. Furthermore, Murphy, McGovern & Pavia (2013) and Fleming, Long & 
Swindler (2012) describe new ways of utilising model information for Historic 
Building Information Modelling (HBIM) and the creation of energy models from 
online repositories, as well as energy modelling based on the United States Building 
Component Library. 
2.9 Summary and Implications 
This chapter has investigated the body of literature in connection with the 
overarching research themes; Construction Specifications and Building Information 
Modelling. Taking a systems approach to research, an exclusive investigation of each 
theme was first presented with an integration of both concepts thereafter in order to 
identify any gaps in the literature. 
Each research theme was investigated from a historical point of view, and then 
critiqued in relation to current understanding of the concepts as presented in the body 
of literature. Thereafter, the concepts that underpin each thematic area were reviewed 
in order to explore the possible areas of convergence. 
Thereafter, based on the outcomes of the reviewed literature, and in view of the 
overarching research question, an integrated Framework for Building Information 
Modelling and Construction Specifications is proposed and the initial gaps in the 
body of reviewed literature are identified. 
Finally, an argument for the use of product libraries as the platforms for 
achieving integration between Building Information Models and Construction 
Specifications is presented. This argument is supported by a critique of some product 
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library initiatives where the merits and weaknesses of identified product libraries are 
presented in view of the literature. It concludes with a proposal and justification for 
the use of the Australian National Object Library as a tool for achieving the level of 
BIM-Specification integration under investigation. 

 Chapter 3: Research Design and Methods 71 
Chapter 3: Research Design and Methods 
This chapter presents the rationale for the research and via initial work on the problem 
formulation, articulates the primary and supporting research questions, both of which are 
central to subsequent analyses. In view of the chosen research approach that is subsequently 
presented, the research question is expressed in relation to the formulated problem. In order 
to address the main research question therefore, a multimethod approach is adopted and data 
collection is facilitated through the outcomes of a series of interviews, an online survey and a 
simulated case study. Thereafter, the research tools and locations as well as the coding 
schemes employed together with the rigor and limitations of the research are discussed. 
3.1 Introduction 
This research has established a rationale for integrating Building Information Models 
(BIM) and Construction Specifications, arguing that BIM objects contained within the local 
libraries of standard BIM authoring tools can be augmented with specification parameters 
from product libraries. The premise of this argument is the idea that specification parameters 
constitute the non-graphical components of BIM models (Weygant, 2011). Early 
conceptualisation of BIM-related data distinguishes between three types of information which 
may be used in BIM models: Geometric, Non-graphical and Linked data, each corresponding 
to three-dimensional (3D), object and specification information respectively (Dillon, 2005). 
However, this classification does not explicitly highlight the fact that a significant portion of 
the information from BIM objects property sets correspond to information within 
construction specifications. An inadequacy of this magnitude is understood to reflect the 
premise that, relative to other advances in virtual design and construction, research into 
augmenting BIM models with specifications is limited (Chapman, 2011b; Hamil, 2013; Kalin 
et al., 2010; Utiome, Drogemuller, & Docherty, 2014; Weygant, 2011). 
This shortcoming is addressed in this research through a rigorous approach in reasoning 
about construction specifications not as mere documents with strings of textual information, 
but as repositories of product information which can be provisioned within product library 
databases. A proposed, conceptual framework for augmenting BIM models with construction 
specification information is developed and presented in this chapter and forms the basis for 
subsequent analysis with a case study. 
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Presently, there is no theory that supports the integration of BIM and construction 
specifications in the literature. As the proposal of a method for augmenting Building 
Information Models with specification information without a viable methodology or 
theoretical grounding will be inadequate, a standard BIM-Specifications integration approach 
needs to be established for this purpose. To address this problem therefore, this research 
investigates the principal criteria necessary for reliable and replicable augmentation of BIM 
objects using product library-derived specification parameters. The outcome of this analysis 
is a framework of minimum requirements for BIM-Specification augmentation. 
3.2 Research Questions 
Following initial studies, this research aimed to study how Building Information Models can 
be extended to support traditional construction specifications. To this end, the central 
research question, ‘How can Building Information Modelling (BIM) be extended to 
Construction Specifications?’ is explored via the sub-question: ‘What parameters from 
construction specifications should be embedded in BIM Models and what are their 
implications on BIM objects?’ 
These research questions aim to address the gaps in the current knowledge of a joint 
BIM-specifications strategy in building design and construction. Such a focus provides for a 
systematic and thorough comprehension of the process of augmenting BIM object properties 
with specification parameters and articulates the strategy for such integration, thus furnishing 
a new understanding of BIM-based construction specifications. 
3.3 The Multimethod Research Approach 
The chosen research methodology comprises three (3) key elements; interviews, online 
survey and a simulated case study. However, the chosen methods built on earlier outcomes 
from the review of literature and problem formulation (see Figure 3.1) ). A review of the 
underpinning literature on current BIM and Specifications strategies (Chapter 2) informed the 
comparative analysis of current approaches in reasoning about both concepts in industry and 
research (Chapter 3) and, consequently, the choice of Multimethod approach for the 
investigation undertaken in this research (Esteves & Pastor, 2004). The multimethod 
approach is one which supports the study of specific research problems through the use of a 
range of tools for generating datasets all of which contribute to a deeper understanding of the 
problem under investigation (Esteves & Pastor, 2004; Koutsikouri, 2009). 
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Figure 3.1. Research Methodology 
In a sociological context, the merits of the multimethod approach have been highlighted 
to include: ensuring credibility of an emerging theory through the corroboration of two or 
more methods, complementarity of different viewpoints on a single phenomenon and 
leveraging results in expanding ideas through quantitative and qualitative studies (deMarrais 
& Lapan, 2004). In BIM research, the multimethod approach has also been widely applied in 
research ranging from the relevant methods for BIM education (Ozener, 2009; Sacks & 
Pikas, 2013) to the extension of BIM methods to other areas of application in the AEC 
(Rueppel & Stuebbe, 2008) as well as in studying the use of BIM frameworks for enhancing 
cross functional integration (Dossick, Neff, & Homayouni, 2009). 
Section 3.4to 3.7present descriptions of the research participants, the methods by which 
research data was generated and the analyses of the obtained data. The methods are presented 
sequentially in the order in which they were obtained (see Figure 3.2), followed (at the end) 
by an overall summary of the analysed data sets. 
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Figure 3.2. Data collection and analysis 
Also, for purposes of uniformity and ease of referencing, participants are identified on 
the basis of an alphanumeric code here and, subsequently, throughout the research. So, for 
instance, the first participant will be P1, the second, P2, etc. Similarly, the organisation 
represented by the participants are denoted alphanumerically; O1 refers to the first 
organisation, O2 the second and so on. 
3.4 Interviews 
The interviews explored methods for integrating BIM and construction specification 
from an end-user standpoint. The interviews were focused on the overarching Research 
Question: ‘How can Building Information Modelling (BIM) be extended to Construction 
Specifications?’ 
The underpinning objective of the interviews was to gain a working understanding of 
how participants perceived building information modelling from the view point of 
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construction specifications. They were aimed at investigating the systems in use within the 
research environment which could support research into extending Building Information 
Models to Construction Specifications; in the current literature, there is no evidence of full 
integration of both concepts (Dean & McClendon, 2007; Kalin, 2011; Kalin et al., 2010). 
Thus, two sets of interviews were conducted; the first (pilot) aimed at gaining an 
understanding of stakeholders’ perceptions and levels of domain knowledge in Building 
Information Modelling and Construction Specifications and the second (primary) at exploring 
their preferred methods for extending Building Information Modelling to construction 
specifications. 
The motivation for the approach was to provide an informed basis for addressing the 
principal research question: ‘how can Building Information Modelling (BIM) be extended to 
Construction Specifications?’ explored via the supporting question, “what parameters from 
construction specifications should be embedded in BIM Models and what are their 
implications on BIM objects?” 
3.4.1 Participant Description 
The pilot interviews focused on the experiences and opinions of professionals whose 
contributions were desirable for broadening the researcher’s domain knowledge over and 
above the outcomes of the participant observation and specification writing exercises (see 
section 1.2). These participants were sourced by corporation with industry partners within an 
Australian, government-based organisation and worked in a department heavily engaged in 
building design, construction and delivery. These interviewees were sourced based on their 
co-location with the research work and the high level of access and support provided by the 
industry sponsor. Thus, they were questioned in order to gain in-depth knowledge of 
construction specifications and building information modelling, their unique merits and 
challenges as well as the perception of the participants whose professional lives revolved 
around both concepts. Responses from the pilot interviews informed the questions that 
constituted the semiformal primary interviews. 
On the other hand, as the primary interviews were more specifically targeted at 
addressing the primary research question about extending BIM to construction specifications, 
participants were sourced from a different participant pool (non-governmental, private firms) 
due to overwhelming evidence that private firms were active in the BIM space and led the 
market in terms of BIM adoption (McGraw Hill Construction, 2014a). 
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Table 2.5Table 3.1 illustrates the research criteria chosen for selecting the participants on the 
pilot and primary interviews, while Table 3.2 shows the organisation type to which each 
participant belongs. In total, both pilot and primary interview research phases were 
implemented based on a non-representative sample of 6 professionals (n=6) from four 
relevant industry establishments, selected on the premise of their expertise. The recruitment 
approach is justified as an avenue for exploring and building practice-informed theory 
(Tenkasi & Hay, 2004). 
Table 3.1 Selection criteria for pilot interview 
Interview Type Organisation Participant Functional Role Years engaged in role 
Pi
lo
t  O1 P1 Specifier 10 
O1 P2 BIM Manager 5 
O1 P3 Technology Manager 5 
Pr
im
ar
y 
 O2 P4 BIM/CAD Manager 15 
O3 P5 Project Architect 7 
O4 P6 Chief Executive Officer 15 
*P = Participant, O = Organisation 
Table 3.2 Organisational description of participants’ firms 
Participant Organisational Description 
P1,2,3 Commercialised arm of a Government department 
comprising a multidisciplinary team of consultants 
P4 International Architecture practice 
P5 International Architecture Company 
P6 Publication and Consulting firm with specialisation in 
construction Specification 
3.4.2 Data Collection 
As all participants on the pilot interviews were members of the same organisation, data 
collection was easily conducted and provided the foundations for conducting the primary 
interviews. Semiformal face-to-face interviews were conducted 
Participants’ interview data were collated in two phases (see Figure 3.2); phase 1 
comprising the collation of the pilot interview data and phase 2 consisting of data collated 
from the main research interviews.  
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Firstly, 20 semi-structured interview questions were formulated based on the ‘5W1H 
method’ also referred to as the Kipling approach to problem solving. The approach was 
coined from a poem by Kipling (1902) and is based on early rhetoric theories (Carawan, 
2001). As a function of its assessed validity as an approach for eliciting specification 
information from customers (Dereli & Durmusoglu, 2010; Neal, 1995) therefore, it was 
adopted as a benchmark for categorising specification information on the basis of the 6 
themes derived from questions categorised into: what, where, who, when, why and how 
questions which respectively address the concepts of: identification, location, individuals and 
relationships, temporal dimensions, purpose and functionality/process (Hillier & Vogel, 
2003). The validity of this approach is further justified as the basis for assessment of theory 
by Koskela (2004) whose research provides the basis for adopting a generic production 
theory. 
The questions, based on the problem-solving method, were created drawing from a 
preliminary review of literature. Participants’ responses were then audio-recorded, 
transcribed and coded using coding software – Atlas.ti (Castro, Kellison, Boyd, & Kopak, 
2010) – for generating the basic research themes. The objective of this first phase of 
interviews was to explore interviewees’ domain expertise in BIM and construction 
specifications and on that basis to lay the foundations for further work on the research. These 
first set of interviews were conducted over a three-day period. The interview questions are 
listed in Table 3.3. 
Table 3.3 Listing of Pilot Interview Questions 
INTERVIEW QUESTIONS 
WHY 
• should specifications be enhanced 
WHO  
• are the key players involved in developing specification documents 
• initiates the specification process 
• takes ownership of the final document 
• carries out integrity-checks to ensure that the final document is an accurate reflection of the original intent 
• ensures that there are no conflicting clauses or under-specifications or over specifications  
• requires specification information 
WHAT 
• makes a project specification document unique and distinct from every other specification document 
(whether based on an existing master template system e.g. NATSPEC or relevant existing office master 
specification or to be a document purpose-written from scratch) 
• types of materials, finishes, components, services, work procedures and other “things” are specified and 
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what types are not 
• is the preferred means of capturing specification information (email, office memo, physical mails, oral, 
etc?) 
• (if any) is the industry specification standard 
• types of specification information can be automated in BIM that would reflect everything that ought to be 
specified 
• types of specification information are best left out of BIM 
WHERE  
• should the specification process on a project commence 
WHEN  
• are specifications required 
• is the ideal time to start specifying 
HOW 
• are specification documents adjusted to reflect ongoing project change 
• do specifications impact the quality of construction resources ("objects") and construction in general 
• does the industry use specifications now for decision making and for project/construction management 
• does the industry integrate specification information to BIM applications 
The questions asked during the pilot interviews set the tone for research data collection 
and informed the next phase of enquiry through the primary interviews.  
Next, building on the outcomes of the pilot phase, semi-structured, qualitative face-to-
face and telephone interviews were conducted. These second round of interviews were 
structured to last between 30 and 45 minutes. The same set of twelve (12) questions was 
issued to all the participants to reduce the probability of bias on the part of the researcher. 
The interview questions were informed by the outcomes of the pilot interviews. In pursuing 
further data collection however, questions based on the ‘why’ and ‘when’ dimensions of 
enquiry were omitted for two reasons: 
• ‘why’ questions, as defined contextually, were aimed at eliciting opinions on the 
value of improving traditional methods of specification.  However, ample review 
of specification literature sufficiently addresses these questions. Moreover, such 
questions assume that all specifiers, without exception, are in support of enhancing 
the specification process by linking them to digital platforms like BIM. Envisaging 
the bias that might result from such a core premise therefore, no ‘why’ questions 
were asked during the primary interviews 
• ‘when’ questions, on the other hand, aimed at gaining insights into the construction 
phases where specifications are required. The level of information derived from the 
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pilot interviews was deemed sufficient to deserve no further investigation (see 
section 4.1.1). 
Hence, the primary interview questions were created around the other 5W1H 
dimensions; ‘who’. ‘what’, ‘where’ and ‘how’. As in the pilot, the session was audio-
recorded, and from a transcribed, coded manuscript, categories and themes were generated 
(Saldana, 2009). Data collection for the primary interviews was based on the opinions and 
experiences of three participants from three firms; two Australian and 1 international 
organisation. One of the three interviews was conducted face-to-face and two interviews were 
done over the phone due to Geographical differences between the research location and the 
location of the participants. All primary interview participants were recruited via email (see 
Appendix E) and upon consenting to participate in the research were issued information 
consent forms (see Appendix F). 
This second research phase was aimed at understanding end-users’ 
perceptions/requirements and at exploring how research participants would approach the 
concept of BIM-supported construction specifications. These second set of interviews were 
conducted over a three-day period. The interview questions and participants’ responses are 
listed in Table 3.4. 
Table 3.4 Main Interview Questions & generated responses 
QUESTIONS P4 P5 P6 
1) Use of BIM on projects (WHO) 
• Architect 
• Builders 
• Designers 
• Contractors 
   
X X X 
X X  
 X  
 X  
2) Modelling Software (WHAT) 
• Revit 
• Most BIM authoring software platforms 
   
X X X 
  X 
3) Source of model information (WHAT) 
• UniClass 
• Determined by clients’ requirements 
   
X   
X X  
4) What informs the Level of Development of model information (WHAT) 
• Undefined 
   
X   
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• Driven by designers and contract 
• Driven by clients’ requirements 
• Determined by design intent 
• Future stipulation of Government agencies 
• Only necessary information 
• Determined by the overarching use of the model in the building’s lifecycle 
• Content of project brief 
X X  
 X  
 X  
 X  
 X  
 X  
  X 
5) Staff responsibility for specification (WHO) 
• External specification writing consultant 
• Distributed across the members of  project team 
• Specifier 
   
X   
 X  
X X X 
6) Method of generating specifications (HOW) 
• Master Specification System (NATSPEC) 
• Master Specification system (BIMdrive) 
   
X X  
  X 
7) Connection between specifications and digital models (HOW) 
• Organisation of model information through Navisworks 
• NATSPEC 
• Encoding specification templates and mapping to BIM tools  
• Use of materials list with built-in codes 
   
X   
X   
X X X 
 X  
8) What building data should be linked to construction specifications? (WHAT) 
• All relevant object data within digital models 
• Information driven by clients’ requirements 
• Combined schedule parameters 
• Specification content that can be modelled in BIM tools 
   
X  X 
 X  
 X  
  X 
9) Are there any evidence of projects where specifications are linked to digital 
models? (WHERE) 
• No 
   
X X X 
10) Strategies for automating specifications? (WHAT) 
• Using codes and add-ons to link specifications to BIM data 
   
X X X 
11) How is specification information assessed during model development? (HOW) 
• By referring to the master specification template 
   
X X X 
12) Do you plan / estimate the cost of your building based on information derived 
from 2D/3D models? (HOW) 
• Linking to cost estimating software (CostX) 
• No 
   
X   
 X X 
13) What specific model information would you base such plans / estimates? 
(WHAT) 
• Basic geometric quantities/parameters of objects within digital models 
   
X   
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Collectively, the goal of the pilot and main interviews was to gain insights to 
participants’ expectations of BIM in relation to its potentials for optimising current uses of 
construction specifications. As such, they were deliberately structured to determine whether 
or not there were systems in industry or research which could support investigation into 
extending BIM to Construction Specifications; neither the interviewees nor current literature 
(Dean & McClendon, 2007; Kalin, 2011; Kalin et al., 2010) show any evidence of full 
integration of both concepts. 
Effectively, the pilot and main interviews were conducted with a view to addressing the 
main research question. 
3.4.3 Data Analysis 1 
From the responses to the pilot interview questions, four sets of corresponding response 
clusters emerged and served as the basis for the codes, categories and themes derived using 
coding software. Two iterations of coding resulted in the generation of categories and themes 
as illustrated in Table 3.5 (also, see Table 3.6 for the definitions of the emergent themes and 
Figure 3.3 for an illustration of how themes emerge from formulated codes) which 
collectively constitute the prime enablers for the Specification-Augmented BIM Objects 
(SABO) method discussed in section *****. 
Table 3.5 Generated research themes using Atlas.ti software for Pilot interviews 
Clusters Codes Categories Themes 
1. Who - Consultant 
- Designer 
- Specifier 
- Contractor 
- Suppliers 
- Stakeholders User-based 
2. What - Contract 
- Project 
- Websites 
- Libraries 
- Tools 
- Storage 
Object-based 
3. Where - Procurement 
- Contract 
- Design 
- Project phase 
- Storage 
Location-based 
4. How - Contracts 
- Meetings 
- IT tools 
- Software Process-based 
Table 3.6 Theme Descriptions for main interviews 
Theme Description 
User-based ‘Who' questions identified the Actors involved in the process of construction 
specification 
Object-based ‘What’ questions elicited ideas on appropriate tools for linking BIM and 
specifications 
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Location-based ‘Where’ questions determined the preferred location for storing construction 
specifications parameters for use in BIM models 
Process-based ‘How’ questions explored the people, processes and products for integrating BIM 
and specifications 
 
Figure 3.3. A streamlined codes-to-theory model for qualitative inquiry (Saldana, 2009) 
From the responses to the primary interview questions, four sets of corresponding 
response clusters were derived. The interviews were transcribed and the transcript served as 
the basis of the categories and themes generated by means of coding software as illustrated in 
Table 3.7. 
Table 3.7 Generated research themes using Atlas.ti software for Primary interviews 
Levels Codes Categories Themes 
User based - Revit 
- Client 
- Stakeholders 
- Government 
requirements 
- Suppliers 
- Project objectives 
- Outsource 
- Consultant 
- Four years 
Sources 
 
 
Reliability 
Open Platform 
Object-based - Revit 
- Specifications 
- Links 
- Codes 
- Product 
- Codes 
- Redundancy 
- Parameters 
- Add-In 
- Schedule 
- NATSPEC code 
- System families 
composites 
- Filtering 
Digital Libraries 
Information Sources 
methods and concerns 
in integrating BIM and 
Specifications 
Automation required 
Schedule Information 
Library Tool 
Partly automatable 
Process 
Standardisation 
Schedules 
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- Elemental codes 
- Embedding 
- Proprietary tools 
- Consistency 
- Simplicity 
Location-based - Chat 
- Description of 
drawings 
- Traditional methods 
External software Software platform 
Process-based - NATSPEC 
- Searches 
- Navisworks 
- Materials list 
- External system 
No need to automate Library Tool 
3.5 Surveys 
In keeping faith with the adopted multimethod research approach, the main research 
question was explored through the supporting research question, “what parameters from 
construction specifications should be embedded in BIM Models and what are their 
implications on BIM objects”. The objective of this research phase was to determine the 
factors necessary for augmenting BIM models with specification information. To achieve this 
objective, two surveys are reported and the resulting data analysis is presented. 
3.5.1 Survey Description 
First, an investigation of existing survey reports was conducted, leading to the 
identification of two relevant surveys in the literature: Project 02: Specifications and BIM by 
ICIS (International Construction Information Society, 2009) and Digicon/IBC 2013 National 
BIM Survey by Digicon Canada (Digicon Information Inc, 2013). The criteria for the 
selection of the analysed secondary surveys were relevance (using the research questions, aim 
and objectives as guides) and extent of reach (in terms of the target survey participants). 
Respectively, these ensured the validity and reliability of the referenced survey data. Also, 
the raw data obtained from the surveys were reviewed – independent of the outcomes of their 
analyses – to avoid any bias in the construction of the contextual survey. 
Subsequently, with the outcomes of the secondary surveys as a premise, a second phase 
of primary research survey, BIM-Specifications Survey, was scheduled in order to determine 
the specifications parameters considered as valuable by industry practitioners for linking BIM 
to specifications and to explore perceptions about specifications of the future. The objective 
of the main research survey was to determine the factors necessary for augmenting BIM 
models with specification information. Subsequently, these informed the creation of the 
SABO method. 
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Tool-specific survey training was first undertaken to gain competency in survey design 
prior to the construction of the survey questions. The survey was designed using Key Survey 
Software from the Queensland University of Technology. The choice of the survey tool was 
informed by the flexibility it offered for encoding specific survey questions with skip logic, 
ensuring that only valid responses from pre-determined sample groups were received. 
The survey was jointly developed and administered with the research partner, the 
National Specification System of Australia (NATSPEC). In order to ensure relevance and 
quality of the survey, meetings were organised with a representative of NATSPEC. The 
sessions comprised a face-to-face meeting and several online meetings, all of which resulted 
in establishing the number and quality of survey questions deemed satisfactory and relevant 
to the researcher and the organisational representative. It was agreed that the responsibility to 
distribute the survey would be shared by the researcher and the industry partner. Two broad 
groups of participants were identified for the distribution of the survey, chosen from the 
professional networks of the researcher and the sponsoring organisation. Participants were 
assured of the preservation of their anonymity and the web link to the survey was sent 
through email notifications and reminders. For ethical considerations, an information consent 
form was embedded in the survey questionnaire (see Appendix G). 
The identified gaps in the literature, the main feedback comments received from the 
interviews and the outcome of the secondary survey analysis informed the content and style 
of the survey questions. A total of 27 questions were formulated and structured to identify 
inputs from three possible participant-groups; 1) those only knowledgeable about BIM and/or 
specifications, 2) those who were both knowledgeable and experienced in the use of BIM 
methods and/or specification tools/systems, and finally, 3) those who were neither 
knowledgeable nor experienced in either domain areas. 
3.5.2 Data Collection 
From the three broad participant groups, final research data was derived from two main 
clusters. The first response cluster, considered key to the research, consisted of responses 
from participants who were aware of and actively using BIM as well as specification software 
tools. The second response cluster comprised of responses from participants who either used 
BIM software but were not conversant with specifications documents/software or used 
specifications documents/software but were not conversant with BIM tools. The third group 
of responses provisioned in the survey was for participants who indicated (through their 
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selection) that they were neither aware of nor using BIM software and that they were neither 
aware of nor using specification documents /software tools. It was anticipated that any 
participant who made these selections would be shown the exit page of the survey as their 
responses would be contextually invalid. However, as no participants fell into this group, 
there was no cluster formed nor was there any need to collect data on the number of 
participants who fell into this final group. Therefore, only data from two response clusters 
were collected. 
Over the period of four weeks, a total of 24 responses were generated from the 
participants (P7 through to P30) who occupied positions across a broad spectrum in the 
organisational hierarchy, namely: entry, junior management, senior management and 
executive levels. However, responses from P18, P21, P26 and P27 were insufficient for the 
purpose of the study, hence considered invalid. Therefore, 20 valid responses were utilised 
for the rest of the survey analysis for participants P7 through to P26.  
Figure 3.4 shows the positions held by the respondents and Table 3.8 illustrates their 
functional roles within the organisations which they represent. Some of the ‘other’ roles  in 
which the participants were engaged at the time of the survey were: BIM Consultancy, 
business management, research and education, project management and software 
development. 
 
Figure 3.4. Participants’ Position in organisational Hierarchy 
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Table 3.8 Functional roles of survey participants 
Participant Code Participant’s Functional Role 
P7 Quantity Surveyor/Cost Estimator/Educator 
P8 Quantity Surveyor/Cost Estimator 
P9 Specifier/Architect 
P10 Contractor 
P11 BIM Manager 
P12 Specifier/Architect/BIM Manager 
P13 Specifier 
P14 Business Manager 
P15 Specifier/Architect/BIM Manager/Business owner 
P16 Engineer 
P17 BIM Manager/BIM Consultant 
P18 Quantity Surveyor/Cost Estimator 
P19 BIM Manager 
P20 BIM Manager 
P21 Architect/BIM Manager/Drafter 
P22 Architect/BIM Manager/Drafter 
P23 Engineer/BIM Manager/Drafter 
P24 Project Manager 
P25 Architect 
P26 specifier/Software Developer 
 
Generally, the survey questions were designed for ease of use and were phased in four 
sections; a general section requesting role-related information and determining the level of 
awareness of BIM and specification, a section exclusively on BIM, another exclusively on 
specifications and the last section on BIM and Specifications. The strategic decision taken for 
the four-phased grouping was to ensure that participants were appropriately matched to 
questions from their fields of specialisation. 
Apart from the participants functional roles, the first section of the survey also assessed 
the level of participants’ awareness of BIM. In the first instance, participants were requested 
to rate the extent of their knowledge and usage of BIM software according to one of three 
options; 1) “I am aware of BIM software”, 2) “I am aware of and using BIM software”, and 
3) “I am neither aware of nor using BIM software”. Likewise, the respondents rated the 
extent of their knowledge and usage of specification software according to one of three 
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options, 1) “I am aware of specification documents, repositories, software”, 2) “I am aware 
of and using specification documents, repositories, software”, and 3) “I am neither aware of, 
nor using specification documents, repositories, software”. These groups of questions were 
encoded with skip logic so that, participants who selected options 1 or 2 for their BIM 
competency level and then option 3 for their specifications competency level, proceeded to 
answer questions that were best suited to their capability as BIM specialists. Likewise 
participants, who selected option 3 for their BIM competency and then options 1 or 2 for their 
specifications competency, proceeded to answer questions suited to their capability as 
specification specialists. 
Next, with respect to the use of BIM, participants were asked about current and 
intended use(s) of BIM according to seven possible functions obtained from a review of BIM 
literature, namely: Project Definition, Planning, Architectural Modelling (Design), Structural 
Modelling and Analysis, Quantity Take-off and Cost Planning, Construction Modelling, 
Facilities Management with as-built models or any other functions. Enquiry was made, 
thereafter, to determine the extent to which BIM had been adopted across the organisations 
represented by asking what proportion of corporate projects had adopted the use of BIM.  
The next section assessed the extent to which the represented organisations worked 
with formal construction specifications and the functional roles that were involved with the 
development of specification documents. 
The final section of the survey aimed to determine the interactions between BIM and 
specifications in order to address the supporting research question. Within this section, 
participants were asked a range of underpinning questions, including: 
• What type(s) of specification information do you think would potentially be useful 
for embedding /linking to your digital building models? 
• What type(s) of specification information do you think would not be useful for 
embedding /linking to your digital building models? 
• What type of specification information would be better referenced / linked to a BIM 
model, rather than embedded? 
• Are your building specification documents organised by elements similar to those 
in a BIM database? 
• Do you have a system for automating specification information? 
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• What value/advantage do you see in connecting/linking/embedding specification 
system(s) to BIM? 
• How would you rank the likely impact of generic object libraries in supporting the 
use of specifications in conjunction with digital building models? 
• How do you envision specifications will be prepared and/or used in the near 
future? 
3.5.3 Data Analysis 2 
As indicated in section 3.5.2, prior to administering the online questionnaire, two sets 
of secondary survey were considered relevant after a comprehensive online research on 
relevant surveys available in the public domain. 
The Digicon survey had a representative sample (n=78) and aimed to understand the 
attitudes towards BIM adoption in the Canadian AEC. 64% of the respondents provided 
specification services and 51% were traditional specification writers. In their responses, a 
significant number of survey participants (47%) indicated that their specifications were not 
linked to building drawings, with only a small fraction (12%) signifying that specification 
references/keynotes are provisioned within their CAD tools. Interestingly none of the 
respondents had any add-ons or plug-in tools connecting their specification documents to 
digital repositories. 
The ICIS survey on the other hand generated responses from 39 participants (57%) 
from 19 countries. Of particular interest, was a participant’s response to the question ‘Are 
there standardized property lists/sets for building products in your country, that the objects 
of a BIM library could utilise?’ In his/her response, the participant proposed the use of 
schedules contained in Master specifications systems like NATSPEC as a starting point for 
augmenting object instances within BIM libraries. 
The investigation of both surveys gave some indication of the growing recognition by 
members of industry of the importance of linking BIM and construction specifications. 
However, there were no indications that such integration had been achieved or established as 
a global standard, nor were there any case study projects buttressing the application of the 
concept on real world projects. Therefore, the primary research survey aimed to identify 
specific criteria that would underpin the integration of BIM and construction specifications. 
As stated previously, the primary survey questions fell into four broad groups: 
 Chapter 3: Research Design and Methods 89 
• General enquiry 
• BIM enquiry 
• Specification enquiry 
• BIM-Specification enquiry 
Analysis of these questions was facilitated by exploring the functionality native to the 
survey tool; key survey. Each highlighted group is concisely described in the sub-sections 
that follow. 
General Enquiry 
This portion of the survey, by investigating participants’ knowledge of BIM and 
Specifications, ensured the collection of only valid, domain-relevant data. Importantly, the 
questions were coded with skip logic such that no further responses were required from 
participants who indicated that they had no knowledge or experience in BIM or construction 
specifications. Once their positions within the management hierarchy had been established, 
participants were requested to provide information regarding their use of BIM and 
specification tools. The information supplied enabled a comparison between the usage levels 
of automated tools within both domains under investigation. For instance, one question asked 
participants to select one of three options;  whether they were 1) aware of specification 
tools/systems, 2) aware of and using specification tools/systems and 3) not aware of or using 
specification tools or software. Similarly, participants were asked to indicate whether they 
were only aware of BIM or were also using BIM tools or doing neither. The essence of these 
first sets of questions was to determine the extent of professional engagement in both domain 
spaces and, on that basis, to inform the reliability of the results derived from their inputs. The 
results generated from this first section are reported in Chapter 4: Results. 
BIM Enquiry 
The next section of the survey analysed responses regarding how participants intended 
to use BIM, or, where necessary, how they were already using BIM methods and software. 
The responses were meant to give an idea of the aspects of AEC projects which had taken on 
the use of BIM in managing projects and to determine the potential impacts of such adoption 
on future integration of BIM and specifications. 
From the analysed data, a pattern emerged, in terms of current and future use of BIM 
with several participants looking to diversify corporate application of BIM beyond their 
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current scope of use. In so doing, the study analysed the tools with which participants 
produced BIM models in order to determine the most commonly used BIM software. Also, as 
there were correlations between the frequency of BIM use on projects and participants’ roles, 
deductions were made and reported in the research. The results generated from this section 
are reported in Chapter 4: Results. 
Specification Enquiry 
To assess the extent to which participant interacted with specifications, participant were 
asked to rank the proportion of their projects in which construction specifications are used. 
The options provided were on a four-point percentage scale; 1-25%, 26-50%, 51-75%, and 
76-100%. The analysis was to determine how many of the participants were sufficiently 
knowledgeable about specifications but who were also conversant with BIM. The analysed 
result is expected to give an idea of the attributes characteristic of AEC professionals with 
BIM-specifications cross-functional roles. 
This section also analysed the nature of the formal roles occupied by specifiers in 
industry as well as how specifications are defined and applied within participants’ 
organisations. The import of this question is its role in giving an outlook on the other roles 
involved in the development of specifications. The results generated from this section are 
reported in Chapter 4: Results. 
BIM-Specification Enquiry 
The closing section of the survey was aimed at investigating participants’ interaction 
with digital models; how they use BIM, processes to which their use have been extended, the 
attributes of their contents, and whether or not arrangements are in place for integrating BIM 
and construction specifications. The survey results are reported in Chapter 4: Results. 
3.6 Simulated Case Studies 
Dooley (2002) argues that the inherent advantage of simulation is the ease with which 
system complexity can be assumed by answering the question “What if?” From this 
perspective, simulations bear the unique distinction of being able to make predictions of 
future scenarios (Dooley, 2002) by taking cognisance of past occurrences (Sparacino, 
Tombolato, & Cobelli, 2000). The simulated case study thus combines these advantages with 
those of traditional case studies, especially the provision of contextually rich data (Dooley, 
2002), to present a well-grounded methodology. 
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In section 2.8.6, a general description of the Australian National Object Library – 
subsequently referred to as ‘…product library’– was presented. The product library approach 
to augmenting BIM objects with construction specifications fills in a real need in industry. 
For instance, in his research, the act of specification, Emmitt (2001) observes that a 
considerable amount of time was spent by the Specifier in consulting a physical library to 
determine manufacturers’ product data amid other product requirements useful in developing 
a specification document. Consequently, the following section of this research shows how 
that gap has been filled in practice. 
In section 1.2.2,  five reasons for augmenting BIM objects with specification 
parameters emerged as part of the findings from a critical analysis of current methods of 
specification writing as part of the problem formulation exercise. In summary, the points of 
concern identified were: heavy reliance on the tacit knowledge of specifiers, the need to be 
conversant with the interpretation of building drawings, the existence of disparate groups of 
documents referenced from within specifications, references to other, similar specification 
documents which themselves may not be error-free and the prevalence of the time-consuming 
additive-subtractive method of specifying. 
This research submits that these concerns can be addressed by adopting a paradigm that 
views specifications as integral constituents of BIM object data sets. To explore the outcomes 
of embedding specification information within a digital model, a case study model was 
investigated using the following tools:  
• A BIM authoring software - Revit 
• A Product Library - (Proprietary Product Library, (Duddy et al., 2013))  
There are a growing number of software vendors who provide stand-alone or suites of 
BIM-authoring software to a variety of industry stakeholders (Gonzalez, 2011). For 
illustrative purposes, however, the software chosen for the research case study simulation was 
Autodesk’s Revit due to its popularity in industry (Olsen & Mac Namara, 2014) and among 
the research participants. A description of the Revit user interface is illustrated in Figure 3.5. 
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Figure 3.5. Revit’s User Interface (Autodesk Knowledge Network, 2014). 
1 Application Menu 
2 Quick Access Toolbar 
3 Information Centre 
4 Options Bar 
5 Type Selector 
6 Properties Palette 
7 Project Browser 
8 Status Bar 
9 View Control Bar 
10 Drawing Area 
11 Ribbon 
12 Tabs on the ribbon 
13 Contextual tab that provides tools 
relevant to the selected object or current 
action 
14 Tools on the current tab of the ribbon 
15 Panels on the ribbon 
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The Australian National Object Library tool was adopted as a tool for 
exploring the augmentation of BIM models with product-library derived parameters. 
As a member of the implementation team for the object library project, the roles of 
the researcher included: contribution in product-test and validation meetings with the 
software developer, presentation to industry professionals and project sponsors, 
contribution to the creation of object instances within the library repository and the 
development of proprietary objects. This level of involvement facilitated competency 
in using the library tool and a general awareness of the fundamental principles 
behind its creation and their implications. Theoretically, the choice of the library 
over existing product libraries is its conformity to the set criteria for an open building 
model as proposed by Björk and Penttilä (1989). In other words, it is: summative, 
non-superfluous, autonomous, independent of output and all-inclusive. A detailed 
discussion of the background and functionality of the product library has been 
described in literature (Duddy et al., 2013) and summarised in section 2.8.6. 
3.6.1 Case Study Description 
The case study model (Figure 3.6) was one of a series of 10X2 bedroom 
apartments designed and developed by the Project Services Department of the 
Queensland Government. The following is an extract of the modelling requirement 
stipulated in the original specification document under the section [Schedule 010 
Preliminaries]. 
1.1.1 Documentation Modelling 
Accompanying the normal Tender documentation in .pdf and .tiff formats is 
a 3D Computer Generated Model (BIM) for the purpose of viewing & 
interrogating the construction of the project. This model will include: 
• Architectural Models (All Buildings) 
• Structural Model (All Buildings) 
• Site Model containing (All driveway slabs, Paving slabs, Site 
Buildings, Retaining walls etc.) 
• Electrical Model (Site & All Buildings) 
• Hydraulics Model (Site & All Buildings, including Stormwater, House 
Drainage, Water Supply) 
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Additionally a Schedule of Quantities will be provided from the BIM model 
and a CostX template file. It will be a requirement of the Contractor to 
review the 3D model using Autodesk Navisworks. A free web-based 
download is available for viewing and interpolating the model. The 
Contractor will be required to review the 3D Model and provide feedback to, 
and in conjunction with, Project Services during the whole construction 
process. 
The scope of the case study did not include any simulation of the building site 
or references to GIS data. Rather, the analysis focused on the objects within the case 
study model, all of which had generic parameters from the original design. For the 
purpose of this research, the following building elements were selected to aid the 
analysis of the data: 2 doors, 2 windows, a stair, two wall families, a kitchen unit, the 
roof, the ground floor, a pair of basins and a pair of water closets (WCs). On this 
backdrop, a demonstration of how the generic objects are augmented with 
specification parameters derived from the product library tool at varying levels of 
details is given in section 3.6.2. 
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Figure 3.6. North-West section of the case study model with roof exposed (source: 
author) 
The library tool is proprietary and undergoing development at the time of this 
research. The idea behind its development is the creation of a platform-independent 
database of model objects complete with manufacturers information and at varying 
levels of development. First, desirable specification information is mapped onto an 
excel spreadsheet based on a Specifiers’ Properties Information Exchange (SPie) (see 
section 2.8.6. Subsequently, the information undergoes transformation together with 
IFC-based geometry for use as input for the product library database (Utiome and 
Drogemuller, 2013). Thus, the product library tool allows for the attachment of 
specification data to IFC-based object geometry in the product library without loss of 
integrity. A current limitation of the product library however, is that it does not yet 
support simultaneous, multi-object-type augmentation; only objects of the same 
family type can be augmented at any one time. 
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Together, SPie-processed specification parameters and the IFC object under 
design make up the product line template within the product library. A guideline for 
using SPie as the starting point for embedding proprietary specification values in a 
product library are described in three steps as shown in section 2.8.6. Also, the 
underlying processes for generating the content of the product library are discussed 
further by Utiome & Drogemuller (2013) and Duddy et al. (2013). 
3.6.2 Data Analysis 3 
In this research, augmentation of a range of BIM objects was facilitated by 
linking the chosen BIM tool with the product library. This was achieved by creating 
a National Object Library Application Programming Interface (API) which enabled 
access to the product library as a Revit add-in, visible in the Add-in tab on the Revit 
ribbon as shown in Figure 3.7. 
 
Figure 3.7. Accessing the product Library from within Revit software (source: 
author) 
Firstly the case study model was opened in the BIM tool (Revit). Then, by 
selecting the wireframe visual style, the object required for analysis was viewed 
exclusively of all other elements within the model by means of the isolate element 
sub-function within Revit’s Hide/Isolate menu in the view control bar. Once isolated, 
the object’s generic parameters were noted in the properties palette (see Figure 3.5). 
Next, the Consult National Object Library component in the external tools 
menu was selected to open up the library interface shown in Figure 3.8. 
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Figure 3.8.Product Library user interface (source: author) 
1 Product Lines (Library) 
2 Quick Access Toolbar 
3 Search bar 
4 A listing of the 
parameters of the 
selected object 
5 Preview pane 
6 LOD (100-500) 
selection filter 
7 Import into Revit: 
exports non-geometric 
product properties 
8 Import into CAD tool: 
exports geometric 
product properties 
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Within the product library, an object instance, equivalent to the selected BIM 
object was selected from the product line folder. Once satisfied with the parameters 
of the selected product in the library and having ascertained that the product was 
displayed at the appropriate level of detail (#6), one or more of three augmentation 
choices was made: 
1 Export product properties only, retaining the geometry native to the object 
within the model, OR 
2 Export the geometry of the product alone, OR 
3 Export both the geometry and the property-sets from product library to 
digital model 
In scenario 1, the selected product’s properties are exported to augment 
generic/proprietary object properties within the BIM interface by selecting the 
desired product, and then the import to Revit icon (#7). 
Scenario 2 requires that the product is selected first, and then its geometry is 
exported to the Revit tool by selecting the import into CAD tool icon (#8). Once this 
has been achieved, the old geometry can be replaced by selecting the new geometry 
from the properties palette. 
The last scenario combines scenarios 2 and 1, in that order. The 11 objects 
shown in Table 3.9 were selected from the case study model for analysis. Each object 
underwent augmentation based on one of the three scenario descriptions enumerated 
above and the outcomes of the augmented objects are presented in Chapter 4: 
Results. 
Table 3.9. Model-augmentation matrix (source: author) 
 Criteria for analyses Specification Parameter analysed 
 Object Augmentation 
(pre-LOD) 
Augmentation 
(post-LOD) 
Geometric Non-
geometric 
(textual) 
Both 
1.  Two sets of toilet units (2) Generic 300 X X X 
2.  A structural column (1) Generic 400 X X X 
3.  The roof (1) Generic 400 X X X 
4.  Casework (2) Generic 500 X X X 
5.  Mechanical service duct 
(1) 
Generic 400 X X X 
 Chapter 3: Research Design and Methods 99 
6.  Doors (2) Generic 200 X X X 
7.  Windows (2) Generic 200 X X X 
*LOD = Level of Detail (see section 2.2.3) 
3.7 Stakeholder Feedback 
It is argued that the validity of a simulation may be brought into question, even 
when it is technically error-free (Dooley, 2002). Thus, a focus group meeting was 
conducted to get the opinions of two subject matter experts whose professional 
functional roles entail working with BIM and specifications.  
3.7.1 Participant Description 
The feedback session involved email invitations to subject matter experts. 
Although the four member group was reduced to two, due to the unavoidable 
absence of two participants, the session proceeded as scheduled. The email invites 
included a description of the method by which the session would be organised to 
give the participants a general understanding of the goals and expected outcomes 
from the exercise (see Appendix J). However, care was taken not to give the 
participants any pre-emptive clues to reduce, as much as possible, the occurrence of 
biased/preconceived discussions.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
The session took place in the office of one participant due to the central nature 
of its location. The meeting was moderated by the researcher and consent to carry out 
audio recording was obtained. The audio recording involved only very minimal 
researcher input, except when it was absolutely necessary to make a comment or 
nudge the participants along in view of the objectives of the meeting. In commencing 
the meeting, the participants were presented with the results of the simulated case 
study and encouraged to actively critique the demonstrated research outcomes in all 
three phases of the feedback session. 
In the first phase, five questions were posed with the aid of an online software 
application (http://www.gosoapbox.com/). The questions issued in the meeting were 
derived from the key questions issued in the online survey questionnaire and 
considered crucial to answering the research questions under investigation. It was 
considered a useful system for direct comparison with the survey outcomes. 
Participants were given a quick introduction to the software app and encouraged to 
participate by polling their answers to each of the questions. The merit of the online 
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poll application was that it gave instantaneous feedback and it was easy to monitor 
the inputs from the participants, ensuring that data was entered correctly at each 
point. However, the application was not flexible as it did not permit respondents to 
make more than one selection in responding to non-multiple choice questions. 
Therefore, physical sheets were distributed to the participants who wrote their 
supporting responses prior to addressing subsequent questions. Immediately after 
answering each question, the participants were encouraged to reflect on and discuss 
their responses before moving on to the next. The questions and the responses given 
by the participants in the first round are illustrated in Appendix K. 
In view of the convergence of participants’ responses, the second phase of 
questions was strictly discourse-based, where both participants were encouraged to 
reflect on their responses in the first round. 
Lastly, the third phase of the feedback session required participants’ response 
to a single question, “In relation to BIM, what is your expectation of the construction 
specification of the future?” In summary, participants’ responses to six (6) questions 
were elicited and coded into themes as part of the research recommendations in 
Chapter 4: Results. 
The content of the distributed sheets and voice recordings were transcribed and 
transferred to the Atlas.ti software for coding. From the codes, themes were 
generated, which formed the basis of the analysis; the implications of these themes 
form part of the results reported in Chapter 4: Results. 
Table 3.10 Themes from stakeholders’ feedback session 
Code Categories Themes 
BIM-Specifications 
impact 
Product-Line Industry 
Efficiency 
Innovation 
Most use of BIM Architectural Modelling Role-paradigm 
Specifications meeting 
BIM requirements 
Industry Transformation 
New Technologies 
Contracts 
Enablers 
Actor for Specifications 
Quality Check 
Prior Experience 
Expertise 
Team-wide 
Knowledge-base 
Link Versus Embed Link Distributed Repository 
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Specifications 
Future of Specifications Flexibility 
Access 
Intelligence 
Database 
BIM-based 
3.8 Research Locations 
The interviews were designed to gain a broad understanding of the challenges 
Specifiers face in relation to working with other stakeholders in the built 
environment. Care was taken to ensure that research participants had both knowledge 
of Building Information Modelling and Construction Specifications. Two sets of 
interviews – a pilot and a primary interview – were conducted under Interviews.  
The pilot interview was conducted within the same organisation where 
participant observation had been implemented while the second (primary) interview 
was conducted face-to-face, and over the phone.  
The primary research survey was conducted online, by collaboration with the 
research sponsor who facilitated survey distribution to organisational networks with 
over 1,000 members. 
As there was no need for any site visits, a simulated case study approach was 
adopted for studying the effect of specification parameters derived from a product 
library on the BIM objects within a BIM tool. Analysis was done on a private 
personal computer (PC) as well as on a Notebook computer. 
3.9 Coding Schemes 
The main research methods (interviews, surveys, and a simulated case study) 
for investigating the research problem have been introduced, and the software 
programs and contexts in which they were applied are shown in Table 3.11 
The coding schemes were developed to be true indicators of the data collected. 
The codes will be leveraged to determine what parameters from current construction 
specifications are considered as valuable, by industry professionals, for integration 
with or exclusion from the objects within BIM models. 
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Table 3.11 Research Methods and applicable software 
 Method Software 
1 Interviews Atlas.ti (Castro et al., 2010) 
2 Surveys Key Survey (Judd, Bridge, Davy, Adams, & Liu, 2012) 
3 Simulated Case Study Autodesk Revit (Azhar, Nadeem, et al., 2008) 
Furthermore, codes were created to capture participants’ expectation of the 
future of Specification-augmented BIM objects in order to make an informed 
prediction of future directions in construction specifications. The attributes specific 
to each coding scheme are discussed in more detail in Chapter 4: Results. 
3.10 Research Rigor 
To ensure that the outcome of the research was underscored by rigor, the 
Multimethod approach was considered appropriate as the selected methods were 
demonstrably complementary (deMarrais & Lapan, 2004). 
3.11 Limitations 
As the research method required the inputs of subject matter experts and 
professionals especially knowledgeable in the domains of BIM and Construction 
Specifications, there were significant challenges encountered in the recruitment of 
participants for the interviews; members of the AEC who had such knowledge were 
few and far between. Similarly, despite the best efforts of the researcher and the 
industry partner, user-response to the online survey was not as forthcoming as was 
initially anticipated. The impact of low-response rates on the quality and rigor of the 
research was, however, minimised by further triangulation with two research 
methods; simulated case studies and focus group interviews. 
3.12 Summary 
In the context of the overarching and supporting research questions, an outline 
of the research design and methodology has been presented in this chapter. The 
research problem under consideration was formulated though participant observation 
and participation in the development and critique of traditional specification 
documents (see section 1.2). The results of the exercise served to place the research 
problem in context. 
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Building on the outcomes of the problem formulation exercises, two sets of 
Interviews – a pilot and a primary – were conducted.  The responses from the 
interviews were analysed for emergent ideas which were presented as the generated 
codes, categories and themes. The goal of the interviews was to furnish an approach 
for addressing the main research question. 
Thereafter, the primary survey leveraged the interview outcomes in addressing 
the supporting research question. As a result, two related secondary surveys were 
analysed and served to inform the quality of the primary survey. To ensure the 
relevance and validity of the survey, the questionnaire was developed in 
collaboration with a representative of the research sponsor prior to the distribution of 
the survey. The questions were grouped into four main sections, a General Section, 
BIM Section, Specification Section and BIM-Specification Section. The value of the 
sectionalisation of the questions was the optimisation of participants’ knowledge in 
the domain areas under investigation and their professional opinions based on their 
expertise. 
Consequent upon the data collected from the interviews and online survey, a 
case study was presented, detailing how various objects within a digital model at 
different levels of detail were augmented from a product library. Also, the method by 
which the opinions of subject matter experts were gathered and analysed as a means 
of authenticating the main research methods was presented. 
Finally, the software tools that aided the analysis of the selected research 
methods through code generation were highlighted, and the limits imposed by the 
chosen methods were described. 
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Chapter 4: Results 
The previous chapter presented the rationale for the research and discussed the 
research design, the chosen research method, the data collection instruments and the 
means by which the body of collected data was analysed. This chapter presents the 
results of the analysis undertaken and triangulates the outcomes in relation to the 
primary and supporting research questions; ‘How can Building Information 
Modelling (BIM) be extended to Construction Specifications?’ and “What 
parameters from construction specifications should be embedded in BIM Models and 
what are their implications on BIM objects?” The results are presented on the basis 
of the system of enquiry adopted throughout the project. 
4.1 Results from Interviews 
The description of the participants on the pilot and main interviews as well as 
the data collection instruments, methods and analysis were presented in section 3.4. 
This section discusses the results obtained in view of the main research question. 
Following are the outcomes that emerged from the pilot interviews which have been 
discussed, corresponding to the listings in Table 3.3. 
4.1.1 Pilot Interviews 
WHO 
Specification documents are typically developed by a number of players, 
including: specifiers, designers, architects and consultants (stakeholder group of 
experts) with some responsibility for the production of specification documents in 
their entirety or in parts. Usually the work on the specification document commences 
with the signing of the contract by the contracting parties and the articulation of the 
client’s brief, with responsibility shared between the assigned project team members. 
Generally, the parties involved in the development of the specification document 
ensure that the information contained within the specification are neither redundant 
nor conflicting and that the level of information contained within the document is 
adequate for meeting project requirements. Such information would typically be 
accessed by contractors, sub-contractors and members of the supply chain.  
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WHAT 
Each specification is unique to the project for which it is created. The content 
of each document is influenced by the requirements and dispositions of the project 
stakeholders who act to ratify the terms of the contract. According to participant P1 
(see Table 3.1), the diversity of the design elements imply that building 
specifications are adjusted according to the stipulations of the project brief and due to 
the heterogeneity of building projects. As such, all materials, finishes, components, 
services and work procedures are specified through descriptive and performance 
specifications (see section 2.3.1). Such specifications however, are intentionally not 
very detailed but stipulate the materials they are made from. In other words, while it 
may not be necessary to specify the type of fastenings to be used on a project, it is 
necessary to explicitly state, for instance, that they will be made of standard steel in 
corrosion-prone environments. 
The methods for capturing the information that constitute the final specification 
are layered. In the organisation where the researcher was embedded, for instance, 
video conferencing was typically used for providing some of the information that 
went into the production of the final specification, especially as project team 
members were scarcely ever in the same location. On the other hand, supplier 
information was usually kept and obtained from hardcopy catalogues, websites, or 
directly from suppliers’ physical (PDF) specification samples. Effectively, the 
channels of communication were broad, albeit haphazard, and, for the most part, 
depended on the information management skills of the consultants involved on the 
project in question. According to P2 and P3, the uncoordinated way in which 
specification information is captured poses significant challenges to the 
systemisation and optimisation of specification-related organisational processes. 
One of the ways to reduce the randomness characteristic of the traditional 
production of specification documents is standardisation. P1, P2 and P3 all agreed 
that the National Specification System (NATSPEC) standards was the preferred and 
most commonly used specification standard in the design and implementation of 
building and infrastructure projects across Australia. 
In response to a query on the types of specification information that will be 
beneficial if linked to BIM software, the participants unanimously highlighted two 
broad groups of specification information; the quantity of elements and elemental 
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schedules. Their reasoning was that these aspects of specification documents can be 
parameterised and constitute additional information to BIM objects over and above 
the generic information provisioned in BIM object libraries. P1, P2 and P3 were also 
in agreement that items that related to legal aspects of the project will be best left out 
of BIM as there was no reason for overloading BIM tools with content already 
provisioned in contract documents. In addition, clauses within specification 
documents that referred to standards, such as the Australian Standards and the 
building codes were considered unnecessary. However, P3 reasoned that references 
to standards and external documents, while unnecessary to embed in BIM objects, 
can be linked to the databases where these standards are explicitly stated. 
WHERE 
It was noted that there are no specific points on building projects where the 
process of specifying is mandated. As a matter of fact, P1 noted that on very simple 
construction jobs, specifications may be totally unnecessary and, as such, not utilised 
at all. Nevertheless, as part of Quality Assurance procedures, reputable firms require 
the use of specifications even for the simplest of jobs. By implication, the application 
of specification procedures on projects should not be dictated by perceived levels of 
project complexity. 
WHEN 
A related question asked when specifications are required on projects. 
Participants indicated that documentation through specifications should occur from 
early during project conceptualisation and planning. Specifically, contract 
documentation was noted as an ideal point for the commencement of specification. 
This corroborates the ideas generated in literature which suggest that the 
specification document is inherently linked to building contracts. 
HOW 
The lack of project examples evidencing BIM-specification linkage implied 
that no responses were given to the enquiry on how industry integrates specification 
and BIM. However, all the participants agreed that specifications played important 
roles on projects and that, if optimised, could lead to reduction in implementation 
errors during building construction. For instance, one participant observed that if the 
elements which go into BIM repositories were augmented with accurate specification 
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information, the likelihood of delivering the elements at quality levels below those 
specified will be greatly diminished. P3 noted however, that the foreseeable 
challenge in industry would be determining how to automate the linking of the 
specification to corresponding objects within BIM repositories. 
Following the outcomes of the pilot interviews, four themes emerged which 
provided the foundations for further investigation implemented through the primary 
interviews. They were the: User-based, Object-based, Location-based and Process-
based clusters (see Table 3.6) corresponding to the ‘who’, ‘what’, where and ‘how’ 
questions. As such, ‘Who' questions identified the actors involved in the process of 
construction specification, ‘What’ questions elicited ideas on appropriate tools for 
linking BIM and specifications, ‘Where’ questions determined the preferred location 
for storing construction specifications parameters for use in BIM models, ‘How’ 
questions explored the procedures, tools and platforms for integrating BIM and 
specifications. 
4.1.2 Main Interviews 
In Table 3.6, contextual definitions are given of the four dimensions of enquiry 
utilised in the primary interview which were adapted from Kipling’s 5W1H approach 
to problem-solving. The dimensions were used in the formulation of four question-
clusters and the responses they generated are regarded as participant-paradigms 
(Covey, 1989) because they represent the unique lenses through which research 
participants viewed the research problem. 
In furtherance of the question-clusters developed from the pilot interviews, the 
main interview sessions were conducted with a view to gaining a deeper 
understanding of end-users’ perceptions/requirements of BIM and specification 
integration and to explore their preferences for such an integrative concept. The 
questions were designed to be open-ended to give each participant the opportunity to 
reflect on past experiences and on that basis to furnish a richer range of options than 
would be obtainable were the questions posed otherwise. Following is a report of the 
outcomes of the main interviews. 
WHO 
As to the use of BIM and specifications for building design and construction, 
the identified roles were: architect, builders, designers and contractors for BIM and 
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external specification writing consultants, members of project team, suppliers, and 
Specifiers – in the case of specifications. This implies that there, at the moment, are 
little to no overlaps (in industry) between the roles of specifiers and personnel 
involved in the BIM space. The outcome accentuates current trends in which there 
has been some reluctance in industry and research to recognise and/or exploit points 
of convergence between BIM and specifications, hence the existence of significant 
potentials for further establishing and exploiting such links. 
Among construction stakeholders, it was noted that Architects and Builders 
emerged as the foremost professional groups leading the use of BIM in building 
design and implementation in Australia. On the other hand, professionals who 
occupied positions with clearly defined ‘Specifier’ roles emerged as the leaders in 
the design and application of traditional specification documents. Finally, the 
responses from P1 in the pilot interview and P5 in the main interview highlight the 
important functions that contractors can play in establishing strong links between 
BIM and specifications as corroborated in the literature (McGraw Hill Construction, 
2014a). 
WHAT 
Although the evidence from research and practice shows a growing number of 
software, participants P4, P5 and P6 all indicated that they used Autodesk’s Revit 
software as the BIM tool of choice on their projects. P6 however noted that although 
he used Revit, his modelling tasks are also supported by other BIM authoring tools; 
ArchiCAD and Bentley. 
The interviews also investigated the sources of the information with which 
digital models were developed. As a CEO, P6 was not able to state specifically how 
exactly the information used in model development at his firm was produced. 
However, P4 and P5 suggested that most of the information used in the development 
of their digital models were sourced from clients’’ requirements, especially as stated 
in the official client brief. Moreover, P4 also stated that in his firm, information used 
in developing the contents of digital models were strongly linked to the Uniclass 
tables of classification (see section). 
As to the detailing of BIM elements, participants’ responses varied from 
‘undefined’ to ‘exact content of project brief’. Generally, six other factors that 
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determine the level of the development (LOD) of BIM objects were identified as: the 
functional role of the modeller, the stipulations of the contract, clients’ requirements, 
the intended design outcome(s), governmental policies (where the use of BIM is 
specified by a government body), the modeller’s own interpretation of what 
constitutes a ‘sufficient level of information’, and the lifecycle plan for the project. 
The most common factors identified as important in determining the LOD of BIM 
elements were the requirements by model designers in executing their functions and 
the stipulations of the contract. 
Furthermore, the investigation solicited the opinions of the participants on the 
types of building data they considered necessary for linking to construction 
specifications. Four broad groups were proposed; all relevant object data within 
digital models, clients’ requirements, schedule parameters and all specification 
content that can be modelled. None of the participants however, could provide 
details as to the specific BIM-specifications parameters as was evident from the lack 
of response to follow up queues related to that specific question. It was noted that the 
use of schedule parameters was the single factor that corroborated earlier 
recommendations by P1 from the pilot interview. The consensus in opinions can be 
attributable to evidence that a significant amount of specification schedule content 
bear similarities to the attribute-value pairing4 characteristic of BIM objects. This 
viewpoint is corroborated by Harris et al. (1975) who propose a conceptualisation of 
specifications as datasets comprised of parameters such as: material grades/thickness, 
performance requirements and tolerances. 
Effectively, schedule parameters from traditional specifications possess strong 
qualities that can be leveraged in linking BIM and specifications. P4, P5 and P6 were 
unanimous in recommending the use of codes and add-ons as a strategy for 
integrating BIM and specifications data. 
WHERE 
None of the participants were aware of any projects in the Australian AEC 
where building specifications had been successfully integrated with BIM. This 
corroborated the outcome of a review of literature indicating that there is still no 
                                                 
 
4 An attribute-value pair is an open-ended data structure which enables the extension of software platforms without requiring 
further code/data modifications. 
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evidence of systems where specifications have been fully explored in the 
development of digital models (Dean & McClendon, 2007; Kalin et al., 2010). 
HOW 
In relation to the principal research question, P4, P5 and P6 were asked 
whether or not their specification documents were automated. Their responses 
indicated an awareness of the need for improving the methods of specifying beyond 
the basic use of word-processors. As a matter of fact, in all participants’ 
organisations specifications were automated through the use of Master Specification 
Systems. In the firms where P4 and P5 worked, project specifications were aided by 
the use of NATSPEC’s templates through subscriptions to the National Specification 
System of Australia while P6 used BIMdrive a software produced by Digicon 
Canada (see section 2.5.2 for details). 
In reflecting on a valuable approach to linking BIM and specifications, P4 
recommended the use of master specification systems and organising digital models 
through the use of Navisworks – a BIM-based project planning and review software 
and P5 rationalised that the process could be explored through the use of encoded 
material lists. However, all participants agreed on the value of mapping 
specifications to BIM objects through embedded codes in specification templates as a 
probable solution for integrating BIM and specifications. Also, all participants were 
in agreement that currently, significant references are made to master specification 
systems during the development of digital building models. 
The rationale for recommending the mapping of specifications to BIM tools 
bears some semblance to previous results in which participants responses were 
suggestive that schedules are promising sections within traditional specification 
which can be linked to digital building tools in a meaningful way by transforming 
their contents into attribute-value pairs. 
The concluding interview questions were designed to understand how 
participants perceived their projects had been impacted in terms of cost savings, a 
celebrated BIM benefit, since their deployment of BIM. Neither P5 nor P6 utilised 
digital models for cost estimation, however, P4 confirmed that digital models 
facilitated project cost estimation in his firm through links of their software tool to 
CostX (a 3D-based project costing tool). He claimed that in providing accurate cost 
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estimates, CostX leverages basic geometric quantities and other object parameters 
including those extracted from quantity take-offs. 
These main interview outcomes were added to the interview transcripts to 
develop themes from the four question-clusters using the Atlas.ti software (see Table 
3.7). 
4.2 Results from Survey 
The essence of conducting the survey was to get a broad response from 
industry practitioners to the questions posed by this research and to gain an 
understanding of their expectations of a system capable of linking construction 
specifications to the objects within BIM models. 
The overarching outcome of the secondary survey corroborated the results 
from the pilot and main interviews in two respects:  
• The dearth in industry use cases where specification documents had been 
successfully linked to BIM repositories through add-ons/plug-ins 
• A consistency in the proposal that specification schedules furnish ideal 
platforms for integrating BIM and specifications 
The primary survey was divided into four key sections, namely: General 
enquiry, BIM enquiry, Specification enquiry and BIM-Specification enquiry. Within 
these broad sections, and similar to the method of enquiry implemented during the 
interviews, survey questions were aligned with the Kipling approach of enquiry and 
problem-solving by clustering them into the categories: ‘who’, ‘what’, ‘which’ and 
‘how’ (replacing ‘where’ with ‘which’). During this investigative phase however, the 
definitions of the four dimensions of enquiry were not limited to the stipulations of 
Table 3.6. Consequently the survey template was designed so that opinions related to 
the research questions were solicited in a variety of ways throughout the survey, thus 
ensuring data validity and reliability and the responses to the questions were 
analysed using Key Survey, a web-based, survey software tool and the discussed 
outcomes are as follows:   
WHO 
(Responses related to roles/responsibility for specifications) 
Spanning across the spectrum of the organisational hierarchy, the participants 
(P7 through to P26) held various research-relevant positions within their 
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organisations. The participants’ roles were those of: Specifier, Architect, Engineer, 
Contractor, Quantity Surveyor/Cost Estimator, BIM Manager, Drafter, Owner, 
Educator, Business manager, BIM consultant, Project Manager and a software 
developer. Notably, some of the participants were active in two or more roles within 
their organisation. The most common of these roles were those of the Specifier, 
Architect and BIM manager. This corroborates the findings from the main interviews 
in which the roles of the Architects and Specifiers were two among the most 
common roles of participants who were actively involved in the BIM and 
specification domains. 
The rate of participants who were both aware of and using BIM software stood 
at  60% over and above only 45% of professionals who were aware of and using 
some form of master specification system. Of this number, only 25% of participants 
were both knowledgeable and active in the BIM and Specification domains. On the 
other hand, all participants were at least aware of BIM software, with 40% not 
actively engaged in the use of BIM software. Meanwhile, 45% of participants were 
only aware of specification systems but were not actively engaged in their use. 
Although all the participants were at least knowledgeable of BIM, all but 15% 
claimed that they were active users of Autodesk’s Revit as the BIM tool of choice, 
while 63% of the total number of participants who were at least knowledgeable about 
specification systems (95%) subscribed to the National Specification System of 
Australia and used NATSPEC’s specification templates in developing their 
specifications.  
The other BIM and specification platforms in use by the participants are shown 
in Table 4.1. 
Table 4.1 Other BIM and specification tools and supporting software 
Other BIM Software and supporting 
tools 
Other Specification Systems  
Archicad Masterspec 
Bentley AutoSpec 
dRofus Specpack 
Vico URS specifications and pricing system 
Tekla BIMdrive and CMS data 
Solibri  
Navisworks  
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ecotec  
Asked who was responsible for creating the specifications used on their 
projects, participants were presented with four options: 1) A designated staff member, 
2) A group of stakeholders (project team members, etc), 3) An external party 
(outsourcing), and 4) Other 
An equal number of participants (37.5% each – 75% in total) confirmed that 
the creation of specifications on projects was the responsibility of either a dedicated 
staff member or the collective responsibility of the project team. Outsourcing the 
production of specifications was the least favoured option, while 20% of the 
participants were of the opinion that the principal project architect and the designer 
ought to be responsible for the production of the specification. 
Further investigation to determine the AEC professionals best suited to the 
development and management of building specifications revealed that currently, 
specification documents are developed by the following professionals either as 
dedicated staff members or in groups (see Table 4.2). 
Table 4.2 Current specification development strategies 
Dedicated Staff Member Group 
Project Architect Project Architects 
Designer Specialist Specification authors.  Sub contract to 
other practices. 
Architect Structural Engineer/drafter, Civil Engineer/drafter, 
BIM manager 
Project Manager Principal Project Architect, BIM Manager, Systems 
Manager 
Quantity surveyor Project Manager, Quantity Surveyor, Project 
Director, Principal Engineer 
Specifier (sub-consultant to the 
architect) 
Project Architects 
WHAT 
(Responses to determine frequency of BIM and Specification usage, perceived value 
of integrating BIM and specifications and methods for integration) 
There were similarities in the trends of participants' use of BIM and 
specifications in their firms. For instance, the greatest number of BIM and 
Specification users (39% and 41% respectively) applied both techniques on 1-25% of 
their projects. Similarly, a significant number of users (39% and 35% respectively) 
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claimed they applied both processes on an overwhelming 76-100% of their projects. 
The third highest application was on 51-75% of projects and the least was on 26-50% 
of projects. However, of the users who applied BIM on 76-100% of their projects, 
only 29% also applied specifications on 76-100% of their projects, representing a 
paltry 12% of the total responding participants. On the other extreme, 23% of 
responding participants who applied BIM on 1-25% of their projects claimed that 
they also applied specifications on 76-100% of their projects. 
Parameters for BIM-Specifications: (Addressing the Supporting Research Question 
– Part 1) 
In view of augmenting BIM objects with specification parameters, participants 
were asked to respond to three related questions:  
• What type(s) of specification information do you think would potentially be 
useful for embedding /linking to your digital building models? 
• What type of specification information would be better referenced / linked 
to a BIM model, rather than embedded? (Please tick all that apply) 
• What type(s) of specification information do you think would not be useful 
for embedding /linking to your digital building models? 
For ease of identification, the research proposed three categories of 
specification information that can be identified in relation to BIM (i.e. BIM-
Specifications) corresponding to each question, namely: Category A (or CAT-A: 
specification parameters to be directly embedded), Category B (or CAT-B: 
specification parameters to be linked to external sources) and Category C (or CAT-
C: specification parameters to be retained in their original forms). The questions 
were formulated in order to address the first part of the supporting research question, 
“What parameters from construction specifications should be embedded in BIM 
Models and what are their implications on BIM objects?”; the second part of the 
supporting question is addressed in the next subsection of this research. Table 4.3 
illustrates the specification parameters which participants have recommended for 
integration with BIM. 
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Table 4.3 Recommended specification parameters for augmenting BIM objects 
Participant Specification parameter(s) expected to be included in 
BIM (CAT-A) 
P7 Quantity 
Surveyor/Cost 
Estimator/Educator 
Encoded standards; embedding building standards 
through computer codes  
P9 Specifier/Architect While I could embed specification information in a 
model, I rarely do.   My business doesn't have enough 
call for it 
P10 Contractor see previous responses 
P13 Specifier Those which are directly related to the object description 
P14 Business Manager Material type, supplier, part numbers, critical 
dimensions, performance criterion, specific 
differentiators.  Compliance to codes and standards. 
P15 
Specifier/Architect/B
IM 
Manager/Business 
owner 
Abbreviated specification clauses such as Key Notes 
which can be used on construction drawings. These 
should use the same numbers as the main master 
specification to assist cross-referencing,  
P16 Engineer Quality and code compliance information. 
P17 BIM Manager/BIM 
Consultant 
LOD 
P21 Architect/BIM 
Manager/Drafter 
Material, Finishes, make, model manufacturer. And in 
some areas installation 
P23 Engineer/BIM 
Manager/Drafter 
Engineering requirements for equipment (Link to 
equipment schedules).  Building Code requirements e.g. 
minimum airflow (supply and/ or exhaust) for a room to 
compare to design.  Construction details e.g. 
waterproofing, fire rating etc. 
P24 Project Manager material characteristics 
P25 Architect Materials selections 
P26 Specifier/Software 
Developer 
building elements which are specified, and detailed 
materials which are not commonly identified in 
geometry models 
Also, participants suggested that rather than undertake the process of 
embedding, the following parameters (CAT-B) are better linked to BIM: Technical 
performance, Cost suppliers' details, construction tolerances, manufacturers' details, 
standards compliance statements, product life expectancy, warranty period, 
installation date and anything else that will change during the lifetime of the project 
or product. 
On the other hand, a few parameters (CAT-C) were identified as non-critical 
which stakeholders recommended to be left out from the process of embedding. The 
parameters include: Clause markers for specification data, installation and user 
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manuals, descriptions of workmanship and work quality, and full specification 
clauses. 
Implications of Embedded Specifications on BIM: (Addressing the supporting 
Research Question – Part 2) 
Subsequently, the research sought to determine whether or not members of 
industry were interested in linking BIM to specifications and, if so, if integration was 
perceived as valuable. Table 4.4 illustrates the responses of participants. 
Table 4.4 Implications of connecting/linking/embedding specification system(s) and BIM 
Participant’s 
Role 
Response 
P7 Allows automatic extraction of quantities in way that is compatible with 
how estimates are organised 
P9 Reducing the chance of omissions 
P11 Hard to know 
P12 None. 
P13 Staying in sync with each other 
P14 It’s only relevant if the Spec reflects the object.  Shouldn't change one 
without changing the other. 
P15 Reuse of sound standard information would increase accuracy, 
consistency and save much time. 
P16 Better coordination 
P17 Semi-automatic generation of specification documents.  Reduction of 
human input error 
P21 Single source of information which means fewer variations in data.  
P22 Accuracy 
P23 Definite advantage in connecting/ linking specification systems as it 
means information only needs to be changed in one space and then it is 
easily tracked to ensure changes are followed up in the model. 
Embedding causes problems as the federated model should not be the 
"one stop shop" but rather the road map to where the information lies. 
P24 Quick update of price, easier creation of cost plans,  
P25 cross referencing 
P26 Coordination between specs and drawings improved; minimisation of 
duplication (conflicting clauses), minimisation of omissions (verify that 
each element has corresponding specs).  If links can be automated 
(through common naming conventions), generation of a draft spec can 
be significantly faster. 
Further analysis revealed that only slightly more participants who responded 
(53%) were supportive of linking parts of specification information to BIM 
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platforms. The remaining 46% of participants were less favourably disposed to 
linking specifications and BIM.  
Also, in analysing the responses to questions related to linking BIM and 
specifications, other implications emerged. P7, for instance, reasoned that linking 
specifications and BIM should be determined by the intended use of the model while 
P15 argued that only fixed items within specification documents which are not 
subject to different manufacturers should be linked to BIM. For instance, WC suite 
properties could be embedded but brand details, if variable, need not and can be 
issued as separate schedules. Corroborating these views, P17 stated that aspects of 
specifications that could possibly be linked with BIM software were far too many to 
be articulated within the content of the survey. 
WHICH 
(Responses to determine Current and intended methods for applying BIM on 
projects, use and storage of specification parameters and organisation of 
specification to be leveraged by BIM applications) 
From the literature, BIM has principally been adopted for use on certain 
aspects of building design and construction, namely: Project Definition, Planning, 
Architectural Modelling (Design), Structural Modelling and Analysis, Quantity 
Take-off and Cost Planning, Construction Modelling and for Facilities Management 
of as-built models. Participants responses to their use of BIM in the execution of 
these functions are tabulated in Table 4.5, in addition to other identified uses not 
indicated in the survey. 
Table 4.5 Current (X) and intended (O) use of BIM in participants’ firms 
Participant PD PP AM SM QT/CP CM FM OT 
P7    X  X   Education (O) 
P8      X    
P9   X  O   X       
P10          O     
P11   X X           
P12     X           
P13      O  O         
P14     X    O  O  O   
P15   X X    O  O     
P16       X       Civil Modelling 
P17 X   X       X   
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P19   X X     X     
P21   X X X  O X  O   
P22     X    O       
P23       X X  O O  MEP Modelling/ 
Design 
P24         X       
P25   X X           
P26  O  O X        O   
 
KEY Definition 
PD  Project Definition 
PP Project Planning 
AM Architectural Modelling 
SM Structural Modelling 
QT/CP Quantity Take off/Cost 
Planning 
CM Construction Modelling 
FM Facilities Management 
O T Other 
 
Apart from P10, P13, P18 and P20, all other survey participants had already 
adopted BIM for application in the specified areas in addition to civil modelling and 
Mechanical, Engineering and Plumbing (MEP) modelling. P10 however expressed a 
willingness to adopt BIM at least for construction modelling, while P13 was willing 
to adopt BIM for Architectural and Structural Modelling. In considering the 
responses holistically, three areas of BIM application emerge in which participants 
are willing to expend further time and resources; Quantity Take-off and Cost 
planning, Construction Modelling and Facilities Management. 
Consistent with current views in literature (Kalin et al., 2010), 10 broad uses of 
specification documents in industry were identified, namely: 
• A document which describes required levels of quality 
• A document that demonstrates compliance to statutory requirements 
• A written record of design decisions and materials used 
• An estimating document 
• A tendering document 
• A legal, contractual document 
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• An on-site working document 
• A dispute resolution document 
• A Project Management tool 
• In aiding Facilities Management 
Participants indicated their application of specification in all the identified 
functions except as a means for aiding Facilities Management. Thereafter, 
participants were presented with options for storing specification information with a 
view to accessing the information from BIM applications. The options were: a global 
library, a project-specific library, a national product/objects library, an attached file 
and a local, firm-based, database. The responses showed that 57% of participants 
favoured a library of products specific to the projects with which they were involved, 
while 50% indicated their preference for a local database, with another 42% 
expressing that they would be interested in a national objects library. Only one of the 
participants indicated some interest in a global library of product. 
In investigating how these specification parameters were currently organised 
however, all but two of the participants indicated that their specifications were not 
organised in a manner suited to any form of BIM analysis or augmentation. 
HOW 
(Responses to determine current best practices in building modelling that can be 
extended to specifications and an overview of the state of the industry in terms of 
integrating BIM and specifications) 
Over 70% of participants indicated that in using BIM applications, they were 
not currently capturing any client/stakeholder requirements. However, a number of 
participants indicated that they were already leveraging BIM to capture clients’ 
requirements in the following ways:  
• Through codes that then refer to the specification document; a point also 
related during the course of the main interviews 
• Requirements for finishes are captured via schedules; however, no 
performance requirements are captured 
• Through the use of Key notes 
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• Through generic model data  
• As text comments 
• By tagging finishes 
Nonetheless, P15 and P26 indicated that requirements were captured within 
their Master specification systems. Only P14 indicated that his/her firm had a means 
of automating specifications by means of AutoSpec, a commercial product library 
(see section 2.8.1). Yet, even in the firm in which P14 is embedded, there are no 
direct links between the content of their Architectural Models and their product 
library. 
Strategies for integrating BIM and Construction Specifications (Addressing the 
main Research Question) 
There are indications that industry stakeholders are willing to integrate their 
specification data to BIM platforms by: 
• the use of textual data 
• utilising Facilities Management database software 
• Integration with a commercial product library 
• the use of links (URLs) from within BIM objects 
• embedding specification parameters in BIM objects 
• using live pop-ups 
• connecting each non-geometric data in specifications to BIM 
• using Globally Unique Identifier (GUID) identifiers 
Users’ direct responses to the question, “How do you intend to make your BIM 
tool/software more robust (e.g. through: the use of commercial/proprietary plug-ins, 
linking to product libraries, etc.) to meet the information needs of the future?” are 
given below: 
• The use of commercial/proprietary plug-ins , and linking to product 
libraries is best 
• Through the use of appropriate software 
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• Create our own library of robust useful components. Commercial / 
proprietary products limit what we can do 
• I expect the market to provide the solutions 
• This status will be directly affected by the quality, robustness and access to 
future services and resources 
• All of the above 
• Awaiting implementation/release of National Object Library by the QUT 
team.  This will go a long way with helping standardisation of object 
libraries and embedding information 
• Through the use of commercial/proprietary plug-ins, linking to product 
libraries, etc. 
• linking to product libraries and developing strong internal workflows that 
are reflective of our clients’ needs 
• Linking to product libraries, linking to manufacturers’ details...etc. 
• First we need to make the BIM process more robust within industry - far 
more important than worrying about the tools just yet 
• Linking to product libraries 
• Add-ons/plug-ins 
• Support open BIM (IFC);  include bSDD GUIDs for improved links with 
models or other libraries 
On a scale tagged “Essential, Useful, Little Benefit, Not necessary”, ‘Essential’ 
being the highest ranked, 80% of participants ranked the likely impact of product 
libraries in supporting the use of specifications in conjunction with digital building 
models" as essential or useful. It was cautioned however, that exploiting the library if 
not well managed might prove challenging, especially in terms of updating the 
content of the library and ensuring that the database is financially sustained overtime. 
Similarly, 82% of the respondents indicated that no steps had been taken within 
their organisations to modify their approach to building specifications (documents) to 
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reflect their use of BIM. 3 participants expressed however, that some modifications 
had been made to their specification documents, through: 
• the removal of all descriptions of specific items from specifications and 
reliance on BIM-derived schedules 
• the use of aggregated items 
• the use of a specification software that eliminates the duplication of 
specification sections and clauses 
The final survey question sought to determine how participants anticipated that 
building specifications will be created and used in the future. The following are the 
key responses obtained: 
• They will be automatically generated using a combination of models from 
different disciplines 
• Prepared by using BIM data to extract generic specification clauses from 
a database.  Specifications will have to become a lot more systemized 
before this will be practical 
• as currently but with a smart interface 
• An embedded element of the BIM 
• They will be linked to standard drawing elements. For instance, inserting 
a standard wall type would automatically generate the required 
specification clause for insertion on the drawing and/or inclusion in the 
more detailed written (and probably verbose) specification 
• Let’s get the industry modelling in 3D to an effective level of detail and 
getting contractors using the models and the information contained in 
them for 4D & 5D purposes then the specification will follow. I think 
linking specifications is too soon and the industry may not be ready for it 
yet 
• By a third party, linked to object libraries which are in turn linked into 
project models...that is through linking 
• Integrated, within a single source of information 
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• Not too different to now except that they will link into the model. The 
specification document needs to be a database that can link to the model 
database, but the process should be similar to now 
• We will try to create specific database which would be fully compatible 
with BIM objects 
• Auto generated from the model. But this depends on the accuracy of the 
data in the model. Architects are generally not great at inputting this 
information - it is (all) caught up on by the Spec writer 
• Specifiers may be introduced earlier in the process, and limit the 'families' 
that CAD users can choose from.  They will help identify 'requirements' for 
products exported for building turnover data 
Addressing the research questions 
From the preceding sections, the main research question and the supporting 
research questions were addressed by pooling participants’ responses. Eight 
strategies derived from these responses were deemed to address the primary research 
question on how BIM can be extended to construction specifications, through the: 
use of textual data, Facilities Management database software, Integration with a 
commercial product library, the use of links (URLs) from within BIM objects, 
embedding specification parameters in BIM objects, the use of live pop-ups, 
connecting each non-geometric data in specifications to BIM, the use of GUID 
identifiers. 
Relating these outcomes to the issues identified in section 1.2.1, all five flaws 
in the current methods of specifying were observably addressed as illustrated in 
Table 4.6. 
Table 4.6 Addressing the shortcomings of traditional methods of specifying 
Flaw in current methods of specifying Proposed solution 
Heavy reliance on the tacit knowledge of 
specifiers 
Use of databases 
The need to be conversant with the 
interpretation of building drawings 
Embedding specification parameters in BIM 
objects based within a user-friendly interface 
The existence of disparate groups of The use of Globally Unique Identifier 
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documents referenced from within 
specifications 
identifiers (GUIDs) 
References to other, similar specification 
documents which themselves may not be 
error-free 
Process standardisation and the use of 
quality-controlled database libraries 
Prevalence of the time-consuming 
additive-subtractive method of specifying 
Connecting each non-geometric data in 
specifications to BIM 
On the other hand, Table 4.7 addresses the supporting research question on 
what specification parameters can be embedded in BIM objects, by illustrating the 
findings from the interviews and the surveys in relation to determining the different 
possible categories of specification parameters for augmenting BIM objects. Finally, 
Table 4.4 illustrates the foreseeable implications of augmenting BIM with 
construction specifications as determined by subject matter experts. 
Table 4.7 Generated BIM-Specifications categories 
CAT-A Parameters (Embed) CAT-B Parameters 
(Link) 
CAT-C Parameters 
(Retain) 
Standard coding  Technical performance Clause markers for 
specification data 
Object descriptions Cost suppliers' details,  User manuals 
Installation procedure Standards compliance 
statements 
Installation procedure 
Material type Construction tolerances,  Descriptions of 
workmanship 
Manufacturers’ Information Manufacturers’ 
Information 
Work quality 
Material selection Product life expectancy Full specification clauses 
Material attributes Warranty period Clauses referring to 
building standards 
Supplier information Installation date  
Part numbers Clauses referring to 
building standards 
 
Dimensions   
Performance criteria   
Key notes   
Quality and code compliance 
information. 
  
Level of Development   
Finishes   
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Engineering requirements for 
equipment 
  
Construction details e.g. 
waterproofing 
  
Building Code requirements 
e.g. minimum airflow (supply 
and/ or exhaust) for a room to 
compare to design 
  
Fire rating    
Elemental Quantities   
Elemental schedule 
information 
  
Client’s requirements   
Σ = 22 Σ = 9 Σ = 7 
Note: Texts in normal typeface are survey-derived parameters, texts in italics are interview-derived 
parameters, texts in bold are parameters which occurred under two or more categories, texts 
in bold italics are parameters that were recommended under the same category both during 
surveys and interviews 
In relation to the five specification types identified – descriptive, performance, 
reference standard, proprietary and mixed specifications – a number of parameters 
can be classified. For instance, Technical performance and installation date proposed 
as CAT-B parameters fall within the ambits of performance specifications while 
CAT-A parameters such as object descriptions and material selections are consistent 
with the requirements of descriptive specifications. Similarly CAT-C parameters 
such as clauses referring to building standards exemplify reference standard 
specifications while details such as manufacturer’s information and supplier’s details 
are qualities of proprietary specifications. 
In this research, a database of products (referred to as the NOL) – The 
Australian National Object (product) library – has been selected as the medium for 
augmenting BIM objects with specification parameters. The NOL was the obvious 
choice since its development coincided with the work of this research. As a result, 
the next research phase simulates the augmentation of BIM objects within a case 
study building model with parameters derived from products stored within the NOL. 
4.3 Results of Simulated Case Study: Triangulation of outcomes 
Specification-Augmented BIM Object (SABO) Method 
The components of the case study model which this research considered for 
analysis are listed in Table 3.9. 
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In section 3.6.2, three procedures for simulating the augmentation of BIM with 
construction specifications were identified. These procedures informed subsequent 
simulations of selected objects within the case study model and the recorded 
outcomes. As such, similar to the detailed method of presenting practiced-based 
approach to digital modelling by Hardin (2011), each procedure is first described as a 
series of steps, thereafter, to avoid repetitions, the objects, procedure applied and 
resultant outcome(s) are tabulated. 
Procedure 1: Augment object properties, but retain geometry 
1. The case study model was opened using the BIM tool of choice (Revit). 
2. Within the opened model, the target object for augmentation –– was 
selected (in this case, the generic 1200X900mm sliding window 
highlighted in Figure 4.1; in every other augmentation instance, the 
appropriate objects for augmentation were selected, namely: two sets of 
toilet units (WCS), a pair of basins, a structural column, a roof, a kitchen 
unit, two sets of casework, a mechanical service duct, two doors and two 
windows). 
3. The parameters in Revit’s native property viewer and the specialised 
object inspector for viewing product parameters post-augmentation were 
noted.   
4. Within the External Tools menu in Revit’s Add-Ins tab, the Consult 
National Object Library icon was chosen. 
 
Figure 4.1. Window selection prior to augmentation with construction specifications 
5. In the product library interface that opened up (see Figure 3.8), a 
1200x900mm Window product search was implemented which led to the 
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selection of a corresponding LOD 200-1200x900mm library-based sliding 
window (Figure 4.2). (An alternative to this step is to preview the geometry 
of the resulting window with the library’s preview pane and an LOD of 200 
specified in the LOD search box to determine the set of specification 
parameters to be attached to the native window object). 
6. A visual inspection confirmed the adequacy of the parameters, resulting in 
the subsequent selection of the Import into Revit button to reopen the 
digital modelling environment. 
7. In viewing the selected object, it was observed that the new LOD 200, 
CAT-A parameters had been successfully imported and augmented the 
object with new parameters viewable in the Revit properties panel and 
through the property inspector as illustrated in Figure 4.3. 
 
Figure 4.2. Selected parameters for export to BIM tool 
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Figure 4.3. Imported specification parameters viewed with the object inspector 
8. The same series of steps were taken to ascertain the feasibility of 
augmenting other window objects at different levels of details within the 
same model. Hence, steps 1 through to 7 were repeated in two iterations, the 
exception being that each time, a different LOD was specified (LOD 400 
and then LOD 500). The outcome of both iterations is illustrated Figure 4.4.  
 
Figure 4.4. Specification-Augmented BIM Object at LOD 400 and 500 
The Illustration shows both windows viewed with the property inspector after 
embedding specification parameters from the product library. The important distinction 
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between both windows is in the specification of their details, proving that specification 
parameters can be leveraged in detailing the content of generic BIM objects. 
Procedure 2: Geometrically augment object, but retain proprietary/generic 
properties 
1. Steps 1 through to 5 from procedure 1 were repeated, only this time, 
another window (E) was selected for purposes of clarity. 
2. In the product library interface, a 1200x900mm window at LOD 300 was 
chosen. Thereafter, the CAD icon was selected to regain access to the case 
study model page (see Figure 4.5). This was a key distinguishing step that 
determined whether or not augmentation would be geometric or non-
geometric (textual) corresponding to the selection of the CAD icon or 
Import into Revit button respectively. 
 
Figure 4.5. Geometric property previewed for export to BIM tool 
3. The dropdown arrow within Revit’s properties tab was selected. With the 
old window still highlighted in the model, the new window instance was 
selected from the menu of window geometries (Figure 4.6).  
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Figure 4.6.Selection of imported library geometry within Revit 
On further analysis, the object properties were observed to retain their generic 
attributes (Figure 4.7), hence the need for further non-geometric augmentation (see 
procedure 3) 
 
Figure 4.7. Window E augmented with imported geometry 
Procedure 3: Augment the property and geometry of selected BIM objects 
1. Given that step 1 of procedure 2 had already been implemented, (or steps 1 
through to 5 of procedure 1), there was no need for a repeat of the same 
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step. However, were the selected window a new one, that step would, of 
necessity be repeated. 
2. In the product library interface, a 1200x900mm window at LOD 300 was 
chosen. Thereafter, as was the case in procedure 1, the Import into Revit 
button was selected to regain access to the Revit model.  
3. The new specification parameters were viewed on the object inspector. 
Figure 4.8 illustrates the geometrically augmented window, further 
augmented with specification parameters derived from the product library 
including: the LOD, an identifier for Quantity Surveyors (QSID), Air 
infiltration, as well as the date in which the object was created. 
 
Figure 4.8. Window E augmented with new specification properties from product library 
With these procedures as points of departure, the 11 listed BIM objects in 
Table 3.9 (also, see Figure 4.9) were augmented by means of the Australian National 
Object Library interface.  
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Figure 4.9. Objects selected for augmentation 
The highlighted procedures (1-3) were implemented on the selected objects, 
with the outcomes illustrated in Table 3.9. 
The results show that the objects within BIM-authoring tools can be augmented 
with the specification parameters of the corresponding products within a product 
library. It also shows that BIM objects can be embedded with product parameters at 
various levels of development.   
By implication, to ensure sustained success in the implementation of the 
augmented approaches to specifying for BIM models, access to product information 
is crucial. A substantial part of most specification documents revolve around 
products. These products are usually described and specified based on the 
information prescribed by manufacturers. Therefore, it is essential that 
manufacturers’ products are easily accessible to designers and users. Evidence of 
such productive collaboration is exemplified in the UK national BIM library 
initiative (National Building Specification, 2014b). 
Overall, augmenting BIM objects with specification parameters derived from 
product libraries optimises information storage, retrieval and reuse, leveraging an 
external, albeit complimentary, platform as represented by the distributed repository 
paradigm (see Figure 2.5). Furthermore, a library with a range of interoperable 
objects encourages lifecycle information use and coordination, thus enabling a 
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paradigm shift in favour of specifications as important sources of information 
integral to Building Information Models. 
4.4 Results from stakeholders’ feedback 
The process of augmenting BIM objects with specification information was 
demonstrated to two subject matter experts (SMEs). The SMEs have been described 
and the means by which they contributed to the research by way of feedback have 
been presented and analysed in section 3.7. Screenshots of the questions they were 
asked and their responses are shown in Appendix K. 
Following an analysis of the responses from the SMEs, six key themes were 
identified in view of the main and supporting research questions; Innovation, role 
paradigm, enablers knowledge-based, distributed repository, BIM-based. In summary 
these themes are responses to the encoded questions as follows: 
Innovation 
The perceived value in leveraging product libraries for integrating BIM and 
construction specifications is in anticipation that the process will trigger innovative 
approaches to information management in the building design and construction. 
Effectively, an underpinning issue in integrating BIM and specifications would entail 
significant discussions on relevant aspects of digital building innovation and their 
influences on the development of BIM-specifications. 
In discussing the impact of augmenting BIM objects with specification 
parameters, it was deduced that any strategy to improve the current form of 
traditional specifications must depend on technological tools. This line of reasoning 
is consistent with trends in innovation which have introduced smarter ways of 
accomplishing construction work processes. For example, although the problem of 
fragmentation had long existed in the construction industry, it was the Latham and 
Egan reports (Egan, 1998; Latham, 1994) that articulated an old problem and 
provided the impetus for the industry to meet the challenges of flawed work 
processes. This response was typified by the adoption of the lean philosophy in 
construction (Huovila & Koskela, 1998; Koskela, 1997). 
Similarly, as has been discussed extensively in this research, the AEC, in order 
to address the shortcomings of 2D CAD applications has embraced the adoption of 
Building Information modelling, Thus, it is foreseeable that with increased 
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awareness that specification information is core to BIM models, the industry will 
move to adopt an IT platform which, in integrating BIM models and Construction 
Specification Information, takes cognisance of the unique challenges of industry 
stakeholders in proffering a solution. 
Role-based paradigm 
A paradigm summarises the influencing factors that determine how individuals 
perceive the world (Covey, 1989). Corresponding to the outcome of the interviews 
and survey, it was noted that BIM is most frequently applied to Architectural 
Modelling, thus highlighting a role-based paradigm. From a research perspective, 
this view necessitates that while efforts must be made to get other stakeholders in the 
AEC aware of the possibility of integrating BIM and specifications, it will be useful 
to leverage the strong focus of Architects in the use of BIM to further explore the 
merits, challenges and implications of integrating BIM and specifications. 
A high premium will be placed on BIM approaches if those approaches are 
directly relevant to everyday work function. For instance, Architects would, 
expectedly, use BIM models to perform their work functions (i.e. Architectural 
modelling/design). Similarly, a construction manager would utilise BIM models for 
planning and project management. It is logical therefore to suggest that, given its 
central role to the construction process, aspects of BIM should exclusively reflect 
Specifiers’ preferences. In the current offering of the student version of Revit 2014, 
for instance, users are immediately given the choice to select from one of four 
templates: Construction, Architectural, Structural, and Mechanical. Doubtless, the 
streamlined suite of templates is targeted at professionals who can leverage the 
capabilities inherent in the tools. 
Therefore, it will be worthwhile, for similar levels of attention and investment 
to be given the Specifier’s workflow. This paradigm shift, if related to other aspects 
of BIM, would deliver high quality specifications – whether textual or object-based – 
in a timely, efficient and error-free manner.  
Enablers 
It was jointly agreed by the SMEs that current specifications should be 
optimised for BIM. Work processes are fast changing and, in an age where 
environmental awareness has instigated the move to paperless processes, it is 
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foreseeable that the Specifier’s work process would be fully digitised in no time. In 
other words, the process of construction specification, to evolve in tandem with other 
related processes, would be constrained to adopt similar technologies. By 
implication, it will be useful for Specifiers to leverage technological platforms best 
suited to their needs in response to the demands of a complexly evolving AEC. 
Knowledge-based Management 
During the problem-formulation exercise (see section 1.2.3), the value of tacit 
knowledge in making informed specification decisions was highlighted. This 
sentiment was shared by the SMEs who argue that the quality of a specification 
document is only as good as the experience of its writer. Consequently, in the event 
that construction specifications become a core part of all BIM authoring tools, the 
problem might arise, “who ensures the accuracy of the specification?” 
The solution to this problem is bound to be as diverse as the Specifiers’ firms. 
This view point is based on the central position occupied by specification documents 
in contracts. Therefore, while it is reasonable to expect that in a scenario where 
specifications are linked to BIM objects, the onus rests on Specifiers to ensure the 
accuracy of their content, it is also plausible to expect that the ultimate decision as to 
who retains regular access rights to Specification-Augmented BIM Object (SABO) 
information rests with corporate management. 
BIM as a Distributed Repository 
The dual perception of BIM is discussed in Section 2.1.4. Of these schools of 
thought, the distributed repository paradigm was established from the online survey 
and the focus Group meeting as a user-favourite. For instance, an overwhelming 
number of participants indicated their preference for linking information to BIM 
models rather than embedding them. It remains to be known whether this behaviour 
is as a result of past experiences where loss of embedded information was traced to 
system crash or merely user-preference for dealing with external systems that can 
automatically be updated without their input. 
Integration with BIM 
It is the flexibility associated with BIM platforms that make them useful to 
industry stakeholders. With increased awareness of the merits of BIM-enabled 
systems of working, the SMEs reasoned that, there will be increased awareness and 
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support for integrating BIM and specifications. Subsequently, two schools of thought 
emerged with respect to links between BIM and specifications: 
• BIM as the future of Specifications, and  
• Specifications as the future of BIM 
On the one hand, it was argued that specifications would evolve such that they 
will simulate the operation of BIM software, especially as there are master 
specification systems already in use. On the other hand, it was argued that with 
increasing awareness of the vital role of construction specifications to building 
design and construction, BIM applications will evolve to fully support the technical 
aspects of construction specifications. This research holds therefore, that the 
difference between the positions is not merely semantic, but is a function of 
stakeholders’ perspectives. For instance, a stakeholder who works extensively with 
traditional specification documents would desire to see its integration with BIM 
models. On the other hand, a stakeholder who works extensively with BIM models 
and identifies the correlation between BIM and Specification data structures will 
most likely share the sentiment about Specifications as central to the goal of 
optimising Building information models. 
4.4.1 Summary 
The outcomes of the interviews, surveys and simulated case study were 
presented in this chapter. In line with the design of the research methods, the results 
were presented with a view to addressing the primary and supporting research 
questions. 
The outcome of the pilot and main interviews revealed current approaches to 
BIM and specifications and highlighted the willingness in the AEC for exploring 
innovative methods that integrate BIM and specifications. The survey results further 
underscored the value in integrating Building Information Modelling and 
Construction Specifications as was evident in the failure to generate any practice-
based evidence of successfully implemented projects where BIM objects were fully 
integrated with specifications. As such, product libraries were recommended as a 
means for augmenting BIM with specifications based on three derived specification 
categories; CAT-A, CAT-B and CAT-C corresponding to parameters that were 
recommended to be fully embedded, linked, or retained (i.e. not neither embedded 
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nor linked to BIM) respectively. On the basis of the derived outcomes from the 
surveys and interviews, simulations of object augmentation with product library-
derived specifications were implemented on selected building elements within a case 
study model to explore the feasibility of the hypothetical approach. Finally, the 
results were triangulated to show the similarities between the research methods. 
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Chapter 5: Research Findings 
This chapter places the results from the preceding chapter by reviewing the 
research findings in view of the methods employed to address the research questions. 
Therefore, the findings from this research are presented under headings identical to 
the underpinning research questions. Following from these considerations, a range of 
future scenarios in relation to the integration of BIM and specifications are discussed. 
5.1 How can Building Information Modelling (BIM) be extended to 
construction specifications? 
Having formulated the problem of the research, the research set out to 
determine whether or not there were any recorded/identifiable case studies 
evidencing full integration of BIM and specifications. None of the project 
participants across research and practice were aware of any such projects. However, 
based on the investigation, analyses and outcomes, the research established a number 
of solutions to address the question of BIM-specifications integration. 
Firstly, the premise for proposing to extend BIM to specifications was the 
hypothesis that optimising construction specifications would lead to error reduction 
during building design and construction. This view point was shared by a project 
participant who observed that it would be reasonable to expect that augmenting BIM 
objects with project specifications would result in significant improvements in the 
quality of delivered projects due to reductions in the likelihood of sub-standard 
process and product delivery. 
Four thematic, requirements clusters were derived from the interviews: 
• User-based clusters; through which the key actors (stakeholders) who will 
impact and be impacted by integrating BIM and specifications were 
identified 
• Object-based clusters; that led to the identification of the 
platforms/supporting software and relevant processes for enabling the 
augmentation of BIM objects with information from construction 
specifications 
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• Location-based clusters; which made recommendations for storing BIM-
usable and accessible specification information 
• Process-based clusters; which explored the people, process and products 
necessary for achieving efficient BIM-specification integration 
Effectively, to be successful, efforts to integrate BIM and specifications in a 
manner that will be useful to professionals in the AEC must take cognisance of these 
clusters and address them meaningfully (see Figure 5.1). 
 
Figure 5.1.  Requirement clusters for integrating BIM and specifications. 
Already, the existence of Master Specification systems in databases (such as 
the ProductSpec) and as templates (such as NATSPEC) proves that the industry has, 
for a considerable while, been minded towards optimisation of the specification 
process. As such, the wide-spread adoption of BIM presents a useful opportunity for 
improving on some of the drawbacks in the process of specifying as it is done in 
current practice. 
Encoding current templates and, somehow linking the encoded templates to 
digital models was seen as one solution. However, the challenge with this viewpoint 
is that it is cumbersome. Under such arrangements, every time there are software 
updates made by the vendors of BIM authoring tools, the templates will need to be 
updated too. Fundamentally, unless the recommended codes are IFC-based, it is very 
likely that codes will become redundant with the passing of time. 
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The evidence suggests that there is a general awareness of the importance of 
clients’ requirements, especially as they influence the creation of specification 
documents. In digital design and construction however, it was observed that clients’ 
requirements are not exploited as well as they should, with over 70% of those 
surveyed acknowledging that they do not currently capture clients’ and stakeholders’ 
requirements within BIM repositories. Notwithstanding, other participants indicated 
that clients’ requirements have been successfully captured on their projects with the 
aid of BIM functionalities such as keynotes, tags, and through the data fields of BIM 
objects.  
This research argues that since many AEC practitioners already capture clients’ 
requirements reasonably well using Master Specification Systems, they can also, 
arguably leverage digital tools that support the efficient embedding of the same 
requirements in ways that are non-redundant and error-free. 
The platform proposed in this research for actualising an integrated, BIM-
specifications approach is a product library. From the research findings, there are 
three possibilities for enhancing the efficiency of the specification process, and by so 
doing, the robustness of BIM object data. These possibilities were termed 
‘Procedures’ which require that: 
o Only native object properties within the model are augmented with specification 
parameters from the product library, or 
o Only native geometric properties are augmented with product-library parameters 
o Both property parameters and objects’ geometry are augmented with data from 
the product library.  
Implicitly, these scenarios capture the way professionals interact with BIM 
tools. In the first instance, the modeller is perceived to either be content with 
retaining the geometry of the BIM object or has been constrained to do so by clients’ 
requirements. While on the other hand, a premium is placed on the aesthetic value of 
the model over and above the intrinsic significance of the building information. In 
the final scenario, the capacity for geometric and non-geometric data to be 
augmented shows the significant potentials for specifying for BIM with proprietary, 
customised datasets. 
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Irrespective of the chosen method, the final product outcome of the 
augmentation exercise has been termed a Specification-Augmented BIM Object 
(SABO). 
As to the attributes of a SABO, the following list emerged from the research: 
• SABOs can be integrated with linked product libraries through 
application programming interfaces (APIs) – demonstrated in the 
research through Revit’s Add-in link to the Australian National Object 
Library 
• Each SABO can be assigned a globally unique Identifier (GUID) to 
differentiate it from other SABOs 
• SABOs will arguably be valuable for Facilities Management (FM) and 
FM databases as they contain proprietary, project specific information 
which can aid the operationalisation of built facilities 
• The extent to which SABOs will contain proprietary information will 
be determined by the type and complexity of the construction project 
and by the stakeholders’ requirements 
Overall, while participants in the research appreciated the significance of 
integrating BIM and specifications, only a fraction (10%) had taken any steps to 
optimise their specification process to suit their digital building needs. This 
highlights a significant problem, not of awareness in industry, but of motivation. This 
sentiment was expressed in one participant’s statement “I expect the market to 
provide the solutions.” Does this imply that it is a good thing for the ‘market’ 
(software vendors) to drive efficiency in practice? If so, how do this end-user’s 
challenges feed into the creation of tools for driving work-place efficiency? These 
questions deserve to be investigated further to drive research into how information 
exchange between software vendors and end-users can be leveraged to provide 
innovative, practical solutions to aspects of specification and BIM outside the scope 
of this research. 
In scoping the future of specification in the AEC, the emergent role of the 
“Technology enabled” or Smart Specifier emerged. In this role, specifiers will be 
expected to engage with digital models and play a vital role in the development of 
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the content of digital models. Also, as to the use of product library in linking BIM 
and specifications, it is expected that Specifiers’ expertise will qualify them for 
taking on the responsibility of Librarian to enforce quality checks in the content of 
the library and to act as a resource person for ensuring that the library evolves in 
tandem with developments throughout the AEC. 
5.2 What Parameters From Construction Specifications Should Be Embedded 
In BIM Models 
Determining the relevant specification parameters to be embedded in digital 
models inadvertently resulted in two other considerations; what parameters should 
merely be referenced, for instance through URL links? And, what parameters should 
retain their current form within traditional specification documents? 
Generated responses to research enquiry pointed to users’ dissatisfaction with 
the randomness (almost guess-work) associated with current forms of specifications. 
As such, it emerged that the parameters for integrating BIM and specifications will 
depend largely on the unique conditions of each firm and each project. An outcome 
of the findings in this sense is that there is no one size fits all approach to determine 
specific sets of parameters. 
Nevertheless, on the basis of the research outcomes, this research presents 
some foundational, provisional parameters corresponding to the three primary 
considerations raised by professionals in practice (see Table 4.7). A total of 38 
parameters were derived; CAT-A: 22, CAT-B: 9 and CAT-C: 7. 
The most referenced group of specification parameters recommended for 
embedding in BIM objects were schedule parameters. Further investigation revealed 
the reason behind the recommendations to be the attributes of schedules information 
as being consistent with the structure of BIM data in attribute-value pairs. There 
were also significant interests in using URL links to reference information that 
traditionally seat in other databases, such as the Australian standards and the 
National Construction Code (NCC). While some objects currently residing in the 
NOL have a number of fields to cater to certain specification information, they do 
not contain a “standards” or “applicable building code” fields. As such, it will be 
recommended that similar future developments take advantage of this knowledge to 
address such end-user requirements. 
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As was the case with the main research question, the question of what precise 
parameters to embed in digital models was seen to depend on seven factors: the role 
and background of the designer(s) and model contributors, the requirements of the 
contract, clients’ requirements, the intended design outcomes, government policies, 
the granularity of the required information and the intended use of the model in the 
facility’s lifecycle. 
5.3 What are the implications of augmenting BIM objects with construction 
specifications? 
Since BIM-Specifications integration had not really been achieved on their 
projects, some research participants struggled to proffer meaningful advice based on 
their experience. However, from the responses that were derived, it was observed 
that in discussing the implications of integrating BIM and Specifications, three 
interest groups emerged, namely: financial, technological and functional. 
For stakeholders with financial interests, the implications of integrating BIM 
and specifications are: increased savings resulting from reduced omissions and 
rework, and quicker development of quantity take-off for cost planning as product 
prices will be more easily attained dealing with proprietary products rather than 
generic ones.  
Technologically inclined stakeholders were of the opinion that integrating BIM 
and specifications would imply useful data synchronisation, thereby doing away with 
current concerns about information redundancy within specification documents and 
duplication of efforts. This group also led to the finding that implied in the 
integration of BIM and specifications is the automation of traditional specifications 
from within BIM tools in the same way that schedules are generated and exported 
from BIM software. Nevertheless, there were also recorded concerns that the method 
may be flawed in the use of federated models in terms of the large size of 
information that would need to be stored in a single model. 
The last, functional interest group gave their views on exploiting the 
augmented model. According to some, the ultimate goal in linking BIM and 
specifications is if both are one and the same. That is, the specification should be 
representative of the object as much as the object is representative of the 
specification. This group also believe that time savings, accuracy and consistency are 
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a function of the standardisation of the integrated SABO. From this group, the other 
implications that arose were: better coordination, reductions in omissions and the 
speedy, albeit accurate, creation of draft specifications. 
5.4 Reflections and implications of findings 
In view of the outcomes of the field studies, it is clear that although the current 
state of BIM infrastructure has the capacity to cater to object augmentation on the 
basis of construction specification parameters, the benefits of such information 
integration have not been exploited. Consequently, to be useful, an integrated 
Building Information Modelling-Construction Specifications framework must needs: 
foster innovation in construction specifications, be tailored to the roles of relevant 
stakeholders, encourage the exploitation of technology for efficient specification 
workflows, provide a robust knowledge base for AEC professionals to benefit from 
(and contribute to), leverage flexible approaches to interacting with other 
repositories, and promote information interoperability. 
Following from the research findings, the impact of adopting the proposed 
approach to augmenting BIM objects with specification parameters are summarised 
below with a view to presenting the distinction of the presented solution amid several 
existing approaches to building specification (see Appendix L). 
Legal Concerns 
A recurring concern common to research participants was the legal undertones 
associated with BIM and all BIM-supported processes. Such concerns resonate with 
general reservations about the legal side of BIM (Redmond et al., 2012; Thompson & 
Miner, 2006). However, such reservations would be based on misinterpretations of 
the substance of this research. Rather than propose that Construction Specification, in 
its present form, be completely replaced by the proposed approach in this research, 
this work highlights the current challenges with the way specifications are written 
and merely proposes an approach that leverages BIM tools and processes for 
improving the accuracy in the workflow in the built environment. From the research 
standpoint therefore, in fulfilling their roles as essential components of procurement 
in the Built Environment, non-legal aspects of construction specifications, such as 
product specifications, can be enhanced by leveraging BIM technologies. 
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Temporary Workflow Disruptions 
It is expected that integrating Specifications and BIM models will result in 
significant changes to established workflows. This view is consistent with trends in 
firms where BIM approaches to design and construction have been adopted. In such 
settings, project stakeholders whose roles in construction implementation are 
traditionally downstream have been known to get involved earlier during the design 
phase. 
Similarly, it is possible that in integrating BIM and Specifications, significant, 
albeit temporary, disruptions to the Specifier’s workflow will be experienced. The 
temporary nature of such disruptions will not be based on an anticipation of a return 
to the status quo, rather it will be predicated on the gradual replacement of old work 
processes by new ones to the extent that the new work philosophies will be 
considered ‘normal’ over time. 
Data Integrity 
The accuracy and reliability of specification data is an immediate concern that 
rises in considering an approach that leverages specification parameters, such as 
manufacturer’s information and products, links to current standards, etc. In response, 
the evolving role of the Specifier (Kalin et al., 2010) as a Librarian is paramount. 
Under such arrangements, it is expected that the training of new Specification 
Librarians would entail the experience of steep learning curves (Weber & Hedges, 
2008) as they evolve to comprehend and implement relevant quality standards 
resultant from the creation of SABOs. Nevertheless, as is the case with most 
knowledge domain areas, expertise will be built over time (Hyötyniemi, 1999). 
Like BIM models, building specification information contents are structured 
and require high levels of accuracy if they are to be integrated within the framework 
of BIM models (Kalin et al., 2010). It is this specialist attention required in 
integrating BIM and specifications that makes the role of the Specifier indispensable 
for leveraging and exploiting current BIM capabilities (Weygant, 2011). 
The foreseeable interactions between Specifiers and BIM models will be driven 
by perceptions that Specifiers are custodians of BIM-related specification 
information who can become the focal points for ensuring the integrity and accuracy 
of BIM-specifications data (Kalin et al., 2010).  
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Future Scenarios 
BIM has a wide range of applications for infrastructure projects across a range 
of industries including: Airports and Oil and Gas. Powerful visuals from BIM 
software can be instrumental to realising project objectives in terms of time, cost and 
specifications; from simulations of open-plan-inspired, flexible airport spaces to 
complex steel detailing for offshore platforms, as well as in growing range of 
application areas in facility management. In turn, augmenting generic BIM objects 
with proprietary specification parameters for projects undertaken in these industries 
can leverage similar approaches tailored to industry/project-specific needs. 
An indication of the impact of BIM on the future of the construction industry, 
using Australia as a case study, highlights specific aspects: stakeholders’ 
improvement and efficiency in the off-site manufacturing of building components, as 
well as broader areas of the built environment like: construction sustainability and 
the deployment of various Information and Communication Technologies (ICTs) for 
seamless information exchange in construction processes and products (Hampson & 
Brandon, 2004). 
A common theme that features prominently in arguments favouring BIM 
adoption is the willingness to accept change. Clearly, in transiting from well-
established approaches in building design and construction to BIM-based methods, 
industry stakeholders experience considerable “paradigm-shifts” (Shelden, 2010) 
from traditional ways of thinking in favour of  the “BIM paradigm” (Henderson, 
2009). So too will members of industry need to make informed transition to more 
integrated ways of specifying for BIM. 
From this research, three broad groups of BIM-enabled specification 
parameters were identified, (CAT-A, CAT-B and CAT-C). These datasets are 
necessary for a fundamental understanding of the interactions between BIM and 
Specification parameters and can be leveraged for the development of broader 
SABO-oriented datasets in the future. A construction specification data dictionary 
can be developed, for instance, to ensure uniformity of SABO definitions alongside 
the creation of each object’s Globally Unique Identifier (GUID). 
The product library construct is based on IFC standards and, on completion, 
will be offered publicly as a free service. As such, users of Revit and other IFC-based 
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BIM-authoring tools will be able to freely access products online. Thus, if, for 
instance, the products of manufacturers who currently subscribe to NATSPEC are 
available online, then a level of uniformity and standardisation across Australia’s 
AEC industry can be attained in the first instance. There is a range of product library 
offerings available in the public domain. However, the merit of the approach 
presented in this thesis in its adoption of the software-independent product library 
tool, the link between specifications and BIM objects is not restricted in its 
application to any specific BIM-authoring tool. 
Expectedly, as interest in Building Information Modelling grows, so too the 
awareness of the need for linking construction specifications to BIM models in order 
to realise further synergies. Thus, it will be useful to carry out further research into:  
• generating traditional specifications from BIM models without any loss to 
the integrity of specification information 
• synchronising specifications and BIM models, such that changes to model 
objects are reflected in the product library as well as within the 
specification document generated from the model 
Therefore, to highlight the implications of linking specifications to BIM 
models and in order to reveal any inconsistencies in this approach for producing 
construction specifications, further investigation is required. 
5.5 Summary 
This chapter has discussed the main research findings and their implications. 
With a focus on the primary and supporting research questions, it discussed the 
findings consequent upon the research outcomes. The main findings were presented 
under headers identical to the primary research question and two constituent parts of 
the supporting research question. 
Based on the aggregation of participants’ opinions and analysis of current 
specification writing processes, the research proposed that future decision-making 
for integrating BIM and specifications should consider a three-fold categorisation of 
traditional specification; CAT-A, CAT-B and CAT-C. 
Consequently, leveraging a SABO-based presentation at a stakeholders’ 
feedback session,  five principal themes were derived that describe the attributes for 
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a framework capable of augmenting Building Information Models with construction 
specifications in a single framework; the framework must: 
i. foster innovation in construction specifications 
ii. be tailored to the role of relevant AEC professionals 
iii. encourage the exploitation of technology for efficient specification 
workflows 
iv. provide a robust knowledge base for Specifiers to benefit from (and 
contribute to) 
v. leverage flexible approaches to interacting with other repositories promote 
information interoperability 
Finally, the chapter summarily discussed the implications of the findings in 
terms of legal concerns, temporary workflow, disruptions, data integrity, and 
possible future scenarios.  
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Chapter 6: Conclusion 
This research was undertaken to make original contributions to the current 
understanding of BIM and Specifications by: 
i. Demonstrating how BIM research can leveraging product libraries in 
integration with construction specifications 
ii. Presenting three new categories of BIM-based specification parameters  
iii. Arguing that construction specifications will be central to future 
developments in BIM 
iv. Exploring likely future scenarios in augmenting BIM objects with 
construction specifications based on an industry survey 
Importantly, two opposing schools of thought emerged from the research, each 
with proponents who either view BIM as the future of construction specifications or 
construction specifications as the future of BIM. However, the research shows that 
both views are valid from the standpoint of the philosophical observer. With this 
understanding therefore, this research extends a proposition based on the 
philosophical argument that if Construction Specifications make up part of the “I” in 
BIM, and BIM is the future of Construction Specification as much as Construction 
Specification is the future of BIM, then both concepts are inextricably interwoven 
and are, therefore, complementary. 
Overall, this research work aimed to develop a procedure for augmenting 
Building Information Models with construction specifications. Drawing from the 
outcomes of interviews, surveys, model simulations and stakeholders’ feedback, 
three distinct categories of construction specification parameters were developed: 
CAT-A: specification parameters to be directly embedded in BIM, CAT-B: 
specification parameters to be linked to external sources and CAT-C: specification 
parameters to be retained in their original forms. Thus, CAT-A specification 
parameters were highlighted as crucial to the integration of BIM object information 
and construction specification parameters but not independent of CAT-B and CAT-C 
parameters. These categories constitute the content of the procedures. 
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Leveraging the product library interface, the categories were noted in the 
augmentation of select BIM objects within a case study model through one of three 
procedures; augmenting of object properties alone, augmenting of object geometries, 
and augmentation of geometric and non-geometric properties of BIM objects with 
the aid of specifications parameters from a product library. 
Commencing with a problem formulation exercise, this research articulated a 
primary research question, explored via a supporting question. These formed the 
focus of the research methods, the data collection and analysis and the final results 
presented. 
6.1 Research Limitations 
In developing the Specification workflow during the problem formulation, the 
underlying assumption was that the Specifier was embedded in the 
design/construction Organisation. However, it was established that there are several 
firms who opt for other options, such as developing the specification across project 
teams or externally through consultants. In those instances therefore, while the 
process architecture will still be consistent, the levels of interactions between the 
Specifier and other Organisational Actors might differ to a greater or smaller level of 
complexity. 
There were significant challenges in recruiting participants for the research as 
there were only few individuals with cross-cutting domain knowledge who were 
available at the time of research to provide feedback. Consequently, the research 
adopted a Multi-method approach to investigation and analysis to build on the 
strengths of each research method chosen in the investigation. 
During the early part of the project, the researcher was embedded in industry. 
However, the department into which the researcher was embedded was closed down 
and this in turn constrained the research and impacted some of the intended outputs. 
6.2 Future Recommendations 
In view of the outcomes of this research (also, see Appendix M), future work in 
the areas under investigation will benefit from the following: 
A broader participant pool: As not many participants were recruited at the 
different stage of the research, the level of rigor expected from the research was 
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dependent on the researcher’s ability to analyse the research data. It will be useful for 
related research to be effected across several countries; as this research had 
participants from only three countries a significant amount of effort went into 
building a strong methodological framework in support of the presented argument. 
Future researchers in this field will greatly benefit from a broader participant pool 
and thus achieve research rigor more easily. 
Advances in the product library: The current state of the product library tool was 
sufficient to furnish the investigation reported in this research. However, it is 
plausible that a future tool will possess the capability of augmenting BIM objects 
with specifications parameters as well as give users of BIM –authoring tools the 
option to produce specifications in line with the augmented information from the 
comfort of their tool of choice that matches current formats of specification 
documents using bespoke Master systems and templates.  
At the onset, the goals of this research were to answer the overarching question 
and associated sub-question, namely: 
• ‘How can Building Information Modelling (BIM) be extended to 
Construction Specifications?’ 
o What parameters from construction specifications should be 
embedded in BIM Models and what are their implications on BIM 
objects? 
To address these questions therefore, this research initiated, and successfully 
submitted an alternative to the current act of specifications (section 1.2). Afterwards, 
the analysed data resulted in the creation of three categories of specification 
parameters. 
Unique to this research, this classification system is non-exhaustive. Rather, it 
is expected to evolve to include further parameters in the future. Specifications and 
specification methods change with time as industry processes evolve and these 
classifications will need to evolve with the specifications methods. 
Also, it will be a worthwhile investment to investigate the cost and time 
savings resultant from augmenting BIM objects with specification parameters. This 
will be useful in influencing a paradigm shift from fragmented processes to more 
 154 Chapter 6: Conclusion 
integrated approaches for establishing interactions between BIM models and 
construction specifications. 
On a closing note, this research has investigated the formulated problem based 
on observation and a review of literature related to BIM and construction 
specifications. To bridge the gaps, it has investigated the platforms best suited to 
augmenting BIM objects with specification parameters, arguing for the relevance of 
such integration. Consequently, it has demonstrated that leveraging product libraries 
to augment BIM models with specification parameters is feasible. Finally, 
predictions of future scenarios in specifying with BIM have been presented and 
recommendations for further work in the field have been made. 
It is evident that the AEC is on the cusp of a transition in terms of extending 
the BIM-based approaches to support construction specifications. This research 
contributes to an understanding of the products, processes and techniques for 
realising such extensions and shows how BIM-compliant repositories and systems 
can be leveraged to accommodate leaner, time-efficient and IFC-based construction 
specifications while still recognising the value of the Specifier in an evolving 
industry.
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Appendices 
Appendix A 
Glossary of Terms 
BIM object An independent component that functions autonomously 
within BIM projects 
Category (CAT) A 
Specifications 
Specification parameters to be directly embedded in BIM 
Category (CAT) B 
Specifications 
Specification parameters to be linked to external sources 
Category (CAT) C 
Specifications 
Specification parameters to be retained in their original forms 
Information 
Delivery Manual 
(IDM) 
The IDM is a response to the shortcomings of IFCs by 
capturing business processes and providing specifications 
defined by users 
Intra-platform 
interoperability 
The seamless exchange of information between software 
systems from the same vendor. 
Inter-platform 
interoperability 
The seamless exchange of information between software 
systems from different vendors. 
Model An abstraction of reality, representing certain key aspects of 
the real world; process and otherwise.. 
Product Library A repository of information for project stakeholders. 
Schedule A listing of the attributes of a repetitive building part such as 
a door or a window 
Schema A collection of entities (or classes), attributes, and 
relationships between entities 
Specification 
information 
The attributes that determine the definition of a product and 
the reason for its selection 
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Appendix B 
The National Building Specification (NBS), NBS Create and National BIM 
Library 
The National Building Specification (NBS) in the UK has made significant 
contributions to the evolution of construction specifications and are increasingly 
championing the adoption of BIM across the AEC in the UK. Their product, NBS 
create, encourages collaboration and is promoted as delivering a range of benefits 
including: 
• Time savings accruing from its web-based service delivery 
• Promotion of writing efficiency by offering users the option of utilising 
pre-written specification clauses, thus eliminating the need for manually 
typing standardised sections in specification documents 
• Enhancement of collaborative work by allowing project team members to 
work off a single specification documents and, where necessary, 
combining individual specification documents into a master document for 
publication. 
Other merits of the system as argued by National Building Specification 
(2014a) is its support of a BIM paradigm, scope and applicability for specialised 
industries such as healthcare, offering of real-time updates, support for evolving 
specifications, etc. Therefore, the integration between the NBS Create software and 
the National BIM Library will enable specifiers to leverage object information 
provided by manufacturers whose products are represented in the National BIM 
Library. Moreover, as there plug-ins are available for users of products such as Revit, 
ArchiCAD and Vectorworks, products from the National BIM Library can be made 
available to users of BIM-authoring tools (National Building Specification, 2014a). 
Nevertheless, this reasoning about construction specifications is constrained by 
a number of factors, namely: 
• Users are willing to purchase the NBS Create Software 
• Users have access to at least one of the six software platforms (AECOsim, 
ArchiCAD, IFC, Revit, Tekla, Vectorworks ) on which BIM objects are 
hosted within the National BIM Library are in use 
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• The specification system in use in the construction project is based on 
British specification standards 
These criteria however, at the time of writing, may prove problematic, 
especially in view of the drive towards industry-wide standardisation on a global 
scale. For instance, the highly proprietary nature of construction and infrastructure 
projects might make it unrealistic for stakeholders to favour an investment in the 
NBS Create specification tool over and above pre-existing specification tools and 
templates. Furthermore, prevailing local building standards might prescribe standards 
and specifications vastly different from the British Standards supported by the 
National BIM Library and NBS Create tool. 
While it is foreseeable that these issues will be addressed in the foreseeable 
future, there remains a dearth in a theory for attaining integration and collaboration 
in the use of construction specifications as firms across the AEC adopt BIM in 
infrastructure design and construction. This thesis submits a hypothesis and 
methodology for extending Building Information Modelling to construction 
Specifications and is a seminal work in the development of a theory for BIM-based 
specification systems of the future. 
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Appendix C 
Strength of each research method 
Strength of each Research Method (Salerno, 2014) 
Method Overall Purpose Advantages Challenges 
observation 
to gather accurate 
information about 
how a program 
actually operates, 
particularly about 
processes 
-view operations of a 
program as they are 
actually occurring 
-can adapt to events as 
they occur 
-can be difficult to 
interpret seen 
behaviours 
-can be complex to 
categorize 
observations 
-can influence 
behaviours of program 
participants 
-can be expensive 
interviews 
when want to fully 
understand someone's 
impressions or 
experiences, or learn 
more about their 
answers to 
questionnaires 
-get full range and 
depth of information 
-develops relationship 
with client 
-can be flexible with 
client 
-can take much time 
-can be hard to analyse 
and compare 
-can be costly 
-interviewer can bias 
client's responses 
documentation 
review 
when want 
impression of how 
program operates 
without interrupting 
the program; is from 
review of 
applications, 
finances, memos, 
minutes, etc. 
-get comprehensive and 
historical information 
-doesn't interrupt 
program or client's 
routine in program 
-information already 
exists 
-few biases about 
information 
-often takes much time 
-info may be 
incomplete 
-need to be quite clear 
about what looking for 
-not flexible means to 
get data; data 
restricted to what 
already exists 
questionnaires, 
surveys,  
checklists 
when need to quickly 
and/or easily get lots 
of information from 
people in a non-
threatening way 
-can complete 
anonymously 
-inexpensive to 
administer 
-easy to compare and 
analyse 
-administer to many 
people 
-can get lots of data 
-many sample 
questionnaires already 
exist 
-might not get careful 
feedback 
-wording can bias 
client's responses 
-are impersonal 
-in surveys, may need 
sampling expert 
- doesn't get full story 
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case studies 
to fully understand or 
depict client's 
experiences in a 
program, and conduct 
comprehensive 
examination through 
cross comparison of 
cases 
-fully depicts client's 
experience in program 
input, process and 
results 
-powerful means to 
portray program to 
outsiders 
-usually quite time 
consuming to collect, 
organize and describe  
-represents depth of 
information, rather 
than breadth 
focus groups 
explore a topic in 
depth through group 
discussion, e.g., 
about reactions to an 
experience or 
suggestion, 
understanding 
common complaints, 
etc.; useful in 
evaluation and 
marketing 
-quickly and reliably 
get common 
impressions  
-can be efficient way to 
get much range and 
depth of information in 
short time 
- can convey key 
information about 
programs 
-can be hard to analyse 
responses 
-need good facilitator 
for safety and closure 
-difficult to schedule 
6-8 people together 
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Appendix D 
Australian Standards used in Ekobode Specification 
• AS 1214 
• AS 1289.5.1 
• AS 1289.5.2 
• AS 1289.5.2.1 
• AS 1289.5.4.1 
• AS 1397 
• AS 1604 
• AS 1810 
• AS 1926.1 
• AS 1926.2 
• AS 2082 
• AS 2327.1 
• AS 2796.1 
• AS 2796.2 
• AS 2858 
• AS 2870 
• AS 2876 
• AS 3566 
• AS 3600 
• AS 3610 
• AS 3610.1 
• AS 3660 
• AS 3705 
• AS 3727 
• AS 3743 
• AS 3798 
• AS 3818.2 
• AS 3959 
• AS 3972 
• AS 4419 
• AS 4454 
• AS 4785.1 
• AS 4970 
• AS 5604 
• AS 6669 
• AS/NZS 1173 
• AS/NZS 2312 
• AS/NZS 2728 
• AS/NZS 4455.2 
• AS/NZS 4455.3 
• AS/NZS 4680 

 Appendices 163 
Appendix E 
Recruitment Email 
First Contact Email 
 
Subject Title: 
Invitation to participate in a research study on Extending Building Information 
Modelling to Specifications and Cost Planning 
 
 
Dear Sir/Madam 
 
My name is Erezi Utiome from the School of Design at QUT. I am currently 
undertaking a PhD research into the relationship between Building Information 
Modelling (BIM), Specifications.  
 
I would like to interview Specifiers, Architects, Quantity Surveyors, Cost Planners 
and Estimators involved in Construction Projects in 30-45 minutes face-to-face / 
telephone interview sessions. The interview questions would be provided ahead of 
the scheduled interview dates to aid respondents' prior familiarity with the questions 
to be posed. Moreover, statements given in response to interview questions will not 
be attributable to you personally.  
 
The goal of the research is to improve the relationship between specifications and 
BIM, to reduce the effort required to produce a specification, to increase the accuracy 
of specifications and to support the production of more accurate cost estimates 
through increasing the detail and accuracy of information in BIM. 
 
I am interested in learning how stakeholders in construction projects and project 
teams currently interact with specification information and their views on areas of 
improvement that will significantly enhance their productivity. 
 
Due to time constraints on my research, your timely response, within a week of 
receiving this email, will be highly appreciated. 
 
Should you consent to volunteer for my research, or have further questions, please 
contact me by email at: e.utiome@qut.edu.au. Following this email is a letter from 
my supervisor, Professor Robin Drogemuller. 
 
Thank you very much. 
 
Yours sincerely, 
Erezi Utiome 
 
Erezi Utiome 
PhD Candidate  
School of Design 
Queensland University of Technology 
Phone: 0452 544 654 
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Email: e.utiome@qut.edu.au  
 
Dear Sir/Madam 
 
My name is Robin Drogemuller, Professor of Digital Design at QUT. I am the 
supervisor of Erezi Utiome, a PhD candidate in the Creative Industries Faculty. 
 
Erezi is undertaking a research project focussed on improving the relationship 
between Building Information Modelling (BIM), Specifications. This is important 
research that fits within the objectives of the Design degree at QUT. We are 
committed to evolving technologies for the improvement of the Construction 
Industry, one of which is vigorous research within the Building Information 
Modelling (BIM) space.  
 
Erezi's research is an important step toward identifying how specifications and cost 
plans will be generated and used in the near future. I am confident that the research 
will both generate valuable insights and a new model for automated specifications 
and more accurate cost estimates through a BIM-based approach. 
 
I hope you will take this opportunity to collaborate with QUT on this important 
project. Please, do not hesitate to contact me directly at this email address should you 
require further information. 
 
Yours sincerely 
 
Professor Robin Drogemuller 
 
Professor Robin Drogemuller 
Complex Urban Systems Design. 
E: robin.drogemuller@qut.edu.au  
T:3138 6965 
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Appendix F 
Information Consent Form (Interview) 
 
PARTICIPANT INFORMATION FOR QUT RESEARCH PROJECT 
– Interview – 
Extending Building Information Models (BIMs) to Specifications. 
QUT Ethics Approval Number 1300000352 
 
RESEARCH TEAM 
Principal Researcher: Erezi Utiome, PhD student, Queensland University of Technology (QUT) 
Associate Researchers: Professor Robin Drogemuller, Associate Professor Michael Docherty and Professor Kerry Raymond 
 
DESCRIPTION 
This project is being undertaken as part of a PhD study for Erezi Utiome.  The purpose of the project is to determine ways to 
improve current construction work practices related to Specifications and Cost Planning by recommending a novel method of 
automating construction specifications thereby improving the accuracy of cost planning with Building Information Models. The 
experiences and views of practicing professionals in the areas of Building Information Modelling, Specifications and Cost Planning 
are vital to this research. 
 
PARTICIPATION 
Participation will involve a maximum of two interviews at your workplace or any other agreed upon location. Each interview will be 
designed to take approximately 30-45 minutes of your time if audio recorded, with your permission. If you do not consent to being 
audio-recorded, your responses will be taken as written notes; in this instance, an estimated increase in interview time to between 60 
and 75 minutes is expected. Questions will include: Can you describe your typical use of construction specifications during project 
implementations? Who is responsible for developing the information contained in the specification document and what are their 
contributions? What issues do you feel are important in developing a specification document? 
 
Your participation in this project is entirely voluntary. If you agree to participate you do not have to answer any question(s) you are 
uncomfortable answering. Your decision to participate or not participate will in no way impact upon your current or future 
relationship with QUT or with your current employer. If you do agree to participate you can withdraw from the project without 
comment or penalty. Any identifiable information already obtained from you will be destroyed. 
 
EXPECTED BENEFITS 
It is expected that this project will not directly benefit you. However, it may be beneficial by providing knowledge that might 
potentially lead to better services for clients, and other project stakeholders including project team members, contractors and 
members of the supply chain in the construction industry. 
 
RISKS 
There are no risks beyond normal day-to-day living associated with your participation in this project. There is a small risk that some 
questions and discussion may be uncomfortable for you. Please feel free to indicate if this is the case and that topic can be skipped, 
or should you prefer, the interview terminated. 
 
PRIVACY AND CONFIDENTIALITY 
This project is financed by funds from an Australian Research Council (ARC) grant administered by QUT. However theARC will 
not have access to the raw data generated from the project. Data from the interview will only be made available to my supervisory 
team for feedback and guidance during data analysis. Subsequently, only the results from data analysis will be made available 
through my thesis and publications in journal and conference papers. Interview comments referenced from my thesis or in any 
publications from my research will not be traceable to you or your organisation and will be treated confidentially and made 
anonymous when the audio-recording is transcribed. Your name will not be required at any point in the research or in any of your 
responses.  
 
Only the primary researcher will have access to audio recordings of interviews. These recordings will not be used for any other 
purpose other than the transcribing of the interview material. It is possible to participate in the project without being recorded. All 
interview data, including audio recordings and transcriptions, will be kept for five years, in a QUT-password-protected, network 
drive, and destroyed thereafter according to QUT's Management of research Data policy. 
 
CONSENT TO PARTICIPATE 
We would like to request that you sign a written consent form (enclosed) to confirm your agreement to participate. 
 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
If have any questions or require further information please contact one of the research team members below. 
 
Erezi Utiome Robin Drogemuller 
School of Design, Complex Urban Systems Design – Creative Industries Faculty / Institute for Future Environments – QUT  
0452 544 654 e.utiome@qut.edu.au 3138 6965 robin.drogemuller@qut.edu.au 
 
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to research integrity and the ethical conduct of research projects.  However, if you do have any concerns or 
complaints about the ethical conduct of the project you may contact the QUT Research Ethics Unit on 3138 5123 or email 
ethicscontact@qut.edu.au. The QUT Research Ethics Unit is not connected with the research project and can facilitate a resolution 
to your concern in an impartial manner. 
Thank you for helping with this research project.  Please keep this sheet for your information.  
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CONSENT FORM FOR QUT RESEARCH PROJECT 
– Interview – 
Extending Building Information Models (BIMs) to Specifications and Cost Planning. 
QUT Ethics Approval Number 1300000352 
RESEARCH TEAM CONTACTS 
Erezi Utiome Robin Drogemuller 
School of Design, Complex Urban Systems Design – Creative Industries Faculty / Institute for Future Environments – QUT  
0452 544 654 e.utiome@qut.edu.au 3138 6965 robin.drogemuller@qut.edu.au 
STATEMENT OF CONSENT 
By signing below, you are indicating that you: 
• Have read and understood the information document regarding this project. 
• Have had any questions answered to your satisfaction. 
• Understand that if you have any additional questions you can contact the research team. 
• Understand that you are free to withdraw at any time, without comment or penalty. 
• Understand that you can contact the Research Ethics Unit on 3138 5123 or email ethicscontact@qut.edu.au if you have 
concerns about the ethical conduct of the project. 
• Agree to participate in the project. 
Please tick the relevant box below: 
 I agree for the interview to be audio recorded. 
 I do not agree for the interview to be audio recorded. 
 
Name  
Signature  
Date   
 
MEDIA RELEASE PROMOTIONS 
From time to time, we may like to promote our research to the general public through, for example, newspaper articles.  Would you 
be willing to be contacted by QUT Media and Communications for possible inclusion in such stories?  By ticking this box, it only 
means you are choosing to be contacted – you can still decide at the time not to be involved in any promotions. 
 Yes, you may contact me about inclusion in promotions. 
 No, I do not wish to be contacted about inclusion in promotions. 
Please return this sheet to the investigator.  
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Appendix G 
Information Consent Form (Survey) 
 
PARTICIPANT INFORMATION FOR QUT RESEARCH PROJECT 
Extending Building Information Models (BIMs) to Specifications. 
QUT Ethics Approval Number 1300000352 
 
RESEARCH TEAM  
Principal Researcher: Erezi Utiome, PhD student, Queensland University of Technology (QUT) 
Associate Researchers: Professor Robin Drogemuller, Associate Professor Michael Docherty, Professor Kerry Raymond 
 
DESCRIPTION 
This project is being undertaken as part of a PhD study for Erezi Utiome.   
 
The purpose of the project is to determine ways to improve current construction work practices related to Specifications and Cost 
Planning by recommending a novel method of automating construction specifications thereby improving the accuracy of cost 
planning with Building Information Models. The experiences and views of practicing professionals in the areas of Building 
Information Modelling, Specifications and Cost Planning are vital to this research. 
 
PARTICIPATION 
Participation will involve completing a 20 item anonymous survey that will take approximately 15 minutes of your time. Questions, 
which will be issued will include:  "Do you use BIM in your daily practice? As you prepare your (master) specification for the BIM 
environment, do you design your data structure exclusively for BIM connections through IFC translations? What information may 
no longer be required in a specification document or could be "generated" from the model?" 
 
The survey will be via Key Survey and no email address will be identifiable. 
 
Your participation in this project is entirely voluntary. If you agree to participate you do not have to answer any question(s) you are 
uncomfortable answering. Your decision to participate or not participate will in no way impact upon your current or future 
relationship with QUT or with your current employer. If you do agree to participate you can withdraw from the project without 
comment or penalty, however once you have submitted the survey it will not be possible to withdraw it.  
 
EXPECTED BENEFITS 
It is expected that this project will not directly benefit you. However, it may be beneficial by providing knowledge that might 
potentially lead to better services for clients, and other project stakeholders including project team members, contractors and 
members of the supply chain in the construction industry. Moreover, publications based on this research work will be freely 
available to participants on request. 
 
RISKS 
There are no risks beyond normal day-to-day living associated with your participation in this project.  
 
PRIVACY AND CONFIDENTIALITY 
This project is financed by funds from an Australian Research Council (ARC) grant administered by QUT. All survey responses are 
anonymous and will be treated confidentially, as such, neither your name nor that of your organisation will be required in any of 
your responses. 
 
As the survey will be administered in collaboration with the Construction Information Service (NATSPEC), access to the raw data 
from your responses will be shared between NATSPEC, my supervisory team and the results of the responses will only be reported 
with the explicit consent of the IP right owner (QUT). Subsequently, only the results from analysed data will be made available in 
my thesis and publications in journal and conference papers. All survey data will be kept for five years before being destroyed 
according to QUT's Management of Research Data policy. 
 
CONSENT TO PARTICIPATE 
Submitting the completed online survey is accepted as an indication of your consent to participate in this project. 
 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
If have any questions or require further information please contact one of the research team members below. 
 
Erezi Utiome Robin Drogemuller 
School of Design, Complex Urban Systems Design, Creative Industries Faculty / Institute for Future Environments 
0452 544 654 e.utiome@qut.edu.au 07 3138 6965 robin.drogemuller@qut.edu.au 
 
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to research integrity and the ethical conduct of research projects.  However, if you do have any concerns or 
complaints about the ethical conduct of the project you may contact the QUT Research Ethics Unit on 07 3138 5123 or email 
ethicscontact@qut.edu.au. The QUT Research Ethics Unit is not connected with the research project and can facilitate a resolution 
to your concern in an impartial manner. 
 
Thank you for helping with this research project.  Please keep this sheet for your information.  
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Appendix H 
Other Object Augmentation Examples 
Specification-Augmented BIM Object (Door) 
 
Specification-Augmented BIM Object (Stairs) 
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Specification-Augmented BIM Object (Walls) 
 
Specification-Augmented BIM Object (Kitchen Unit) 
 Appendices 171 
 
Specification-Augmented BIM Object (Roof) 
 
Specification-Augmented BIM Object (Floors) 
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Specification-Augmented BIM Object (Basins) 
 
Specification-Augmented BIM Object (WCs) 
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Appendix I 
Specification-Augmented BIM Object Framework 
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Appendix J 
Focus Group Introductory Letter 
WELCOME  
Thanks for agreeing to be part of the focus group. I appreciate your willingness to 
participate.  
INTRODUCTIONS  
Moderator: Erezi Utiome (Doctoral candidate, QUT) 
*********: Senior Design Manager Architecture, Planning & Design 
*********: Architect and BIM Manager 
*********: Architect and Specifier 
Note: The starred items (*) are to maintain participants’ anonymity. 
 
PURPOSE OF FOCUS GROUP 
We have been invited by Erezi Utiome to voluntarily participate in the focus groups.  
The reasons we are having these focus groups are: 
• To seek to validate the outcomes of a QUT-NATSPEC joint survey on BIM 
and Specifications 
• Highlight any concerns with the research outcomes so far 
• Make recommendations to augment current research outcomes if, and where, 
necessary 
You are encouraged to give your input and share your honest and open thoughts.  
 GROUND RULES  
1) Please DO SOME TALKING.  
 We would like everyone to participate.  
 I may call on you if I haven't heard from you in a while.  
2) THERE ARE NO RIGHT OR WRONG ANSWERS  
 Each participant’s experiences and opinions are important.  
 Speak up whether you agree or disagree.  
 We want to hear a wide range of opinions.  
3) WHAT IS SAID IN THIS ROOM STAYS HERE  
 We want folks to feel comfortable sharing when sensitive issues come up.  
4) WE WILL BE TAPE-RECORDING THE GROUP  
 We want to capture everything you have to say.  
 We don't identify anyone by name in our report. You will remain anonymous 
(although should you elect to be a co-author on the final report – see below – 
you will be duly acknowledged as an author on the publication) 
As a neutral party, I will refrain from nodding/raising eyebrows, 
agreeing/disagreeing, or praising/denigrating any comment made. 
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QUESTIONS 
You’ll be discussing five key research questions, same as were asked survey 
participants. You will be required to answer in 3 iterations as follows: 
ITERATION 1 
Each of the five questions will be answered: 
1. At the bottom of the sheet in front of you that corresponds to the question 
number (exclusively or in combination with an online app) 
2. With the other members of the group 
This procedure will apply to each of the five (5) questions. Once you are done 
answering, please place the sheet in front of you for collection. 
ITERATION 2 
Based on the verbal discussions, you will be asked between 2-4 follow-up, 
delineating questions directly related to the questions from the first iteration. 
ITERATION 3 
Finally, one last question directly related to the previous questions will be posed and 
the group will be encouraged to discuss it. 
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Appendix K 
Screenshots of Focus Group Responses 
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Appendix L 
Non-Australian Specification automation initiatives 
Tool Country Platform Profile Comment 
SPEC 
WRITER 
Korea Database 15 standard 
specifications, 13 
specialty specifications, 
national design 
guidelines, technical 
standards, standard 
drawings, over 45,000 
construction materials, 
and more than 600 lists 
of manufacturers 
Web-based 
system with 
dual 
database 
groups. 
LinkMan-E 
(LME) 
United 
States 
Database Can be used at all 
stages of the building 
lifecycle and is linked 
to an object catalog 
consisting over 1,700 
objects 
Not 
platform 
independent 
SpecLink-E 
(SLE) 
United 
States 
Database Over 600 sections can 
be expanded or 
collapsed to provide 
outline, short form, and 
full construction specs 
Word-
processing 
based 
system and 
links with 
only a single 
BIM vendor 
through 
LME 
SpecText 
 
United 
States 
Master guide 
Specification 
system 
4 specification 
packages, 11 
specification libraries, 
and more than 10,000 
pages of pre-written 
master guide 
specifications 
Not linked 
to any BIM 
authoring 
tool 
NBS Create United 
Kingdom 
Specification 
software 
Robust repertoire of 
features, allows linking 
to a growing repository 
(national BIM library) 
of BIM objects, uses an 
assembly approach for 
specification 
development, can be 
linked to CAD tools 
Based on 
British 
specification 
standards 
and can be 
linked with 
a range of 
BIM tools 
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Appendix M 
Publications Derived from Research 
The research culminated in various publications to date, including journal 
articles, conference items and a report, as follows: 
Journal articles 
1. Utiome, E., Drogemuller, R., Docherty, M. and Beazley, S. (2014). 
Product-Library-Derived Specification Parameters in Building Information 
Models Augmentation. Journal of Civil Engineering and Architecture 
(JCEA) (accepted for publication). 
1. Utiome, E., Drogemuller, R., Docherty, M. and Beazley, S. (2014). 
Leveraging Specification Parameters within Product Libraries for 
Augmenting Building Information Models.  Journal of Information 
Technology in Construction (ITcon) (under review). 
2. Utiome, E. (2014). A Lean Construction Approach to Integrating Building 
Information Models (BIM) and Product Specifications.  Automation in 
Construction (manuscript submitted). 
Refereed full length conference papers  
1. Utiome, E., Drogemuller, R., & Docherty, M. (2014). Enriching the "I" in 
BIM: a BIM-Specifications (BIM-Specs) approach. In Issa, Raymond & 
Flood, Ian, editors, In Proceedings of the 2014 International Conference 
on Computing in Civil and Building Engineering, American Society of 
Civil Engineers (ASCE), Orlando, Florida.  
2. Utiome, E., Drogemuller, R. and Docherty, M. In CIB International 
Conference on Construction in a Changing World, 4 - 7 May 2014, 
Heritance Kandalama, Sri Lanka. 
3. Utiome, E., Drogemuller, R. and Docherty, M. (2014). BIM-based 
lifecycle planning and specifications for sustainable cities of the future: a 
conceptual approach. Ogunlana, S. O., Idoro, G., Dada, M, Iweka, A., 
Ilechukwu, V, & Alade, W., (editors), In Proceedings of the W107 
Conference: Construction in Developing Countries and its contribution to 
Sustainable Development, Lagos, Nigeria. 
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4. Utiome, E. and Drogemuller, R. (2013). An approach for extending 
Building Information Models (BIM) to specifications. Ma, Zhiliang, 
Zhang, Jianping, Hu, Zhenzhong, & Guo, Hongling, editors, In 
Proceedings of the 30th CIB W78 International Conference, WQBook, 
Beijing, China.  
Refereed conference item  
1. Utiome, E. (2014). A product library approach for improving BIM-based 
schedules of elements. In PMI Scheduling Conference, 10 July 2014, 
Online Conference. 
Report  
Utiome, E. (2014). A Report for the National Specification System of 
Australia (NATSPEC).  BIM-Specifications: An industry Survey. Brisbane: 
NATSPEC 
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